








This exclusive Grinnell hydraulic extruding 
machine permits welded outlets to be made with 
plain circumferential butt welds—the strong- 
est and easiest welds to make. It is part of the 
equipment which means better prefabrication 
from Grinnell. 

Interpret Grinnell’s facilities in terms of 
equipment like the above .. . in terms of men — 
qualified pressure-welders whose work readily 
passes insurance requirements ... or in terms of 
three plants, conveniently located to serve the 
continent ... and these facilities will prove the 
wisdom of your decision to “Give the plans to 


Grinnell!” Grinnell Co., Inc., Executive Offices, 


| — 
24 Providence, R. L, Branch offices in principal cities. 
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@® Each January, HPAC features its 
Directory Section of Heating, Piping 
and Air Conditioning Equipment for 
Industry and Large Buildings. This 
year—as before—the Directory Sec- 
tion is in three parts—products classi- 
fied, trade names, and manufacturers’ 
addresses. The Directory Section 
which appears in this issue has been 
completely revised and brought up to 
date, which involved each company 
appearing therein checking its own 
listings and notifying our staff oi 
any new products added or old ones 
dropped since last January It is be 
lieved our readers will find the Janu 
ary, 1939, Directory Section of even 
greater usefulness than the earliet 
sections. . In addition to the Di 
rectory Section, you will find in this 
month’s HPAC the regular quota of 
editorial articles, as wel! as the Journal 
Section of the ASHVE An 
other feature each January (and ap 
pearing in this issue) is our review of 
number and horsepower of air condi 
tioning installations during the past 
year, as reported by the electric utili- 
ties in representative cities 

This tabulation is supplemented this 
year by an article by Knight Porter 
and William Rock in which is analyzed 
1938 air conditioning volume by types 


of installations in a large city 


® Construction contracts to be let in 
the 37 Eastern states during 1939 may 
reach a total of $3,500,.006.000, accord 
ing to estimates released by F. W 
Dodge Corp. This figure would com- 
pare with an estimated total of $3,200,- 
000,000 for 1938, and an actual total of 
approximately $2,900,000,000 in 1937 
None of these figures include repair 
and maintenance work . This 
national construction news organiza- 
tion points out that the total building 
and engineering volume recorded from 
January 1 through November 15 of 
1938 reached a total of $2,635,000,000 
(compared with $2,599,000,000 in the 
corresponding period of 1937). kor 
1939, indications of increased volume 
in public and private residential build 
ing, commercial and factory building, 
and public utility construction are 
stated to be very good. . Review 
ing such factors as the recent marked 
upturn after the 1937 recession, in 
creased employment, the revival of 
business optimism after a period of 
excessive fears, and the widely held 
view that recent election results are 
favorable to business progress, Thomas 
S. Holden, vice-president in charge of 
Statistics and research in the Dodge 
organization, states: “All these favor- 
able factors might conceivably lead to 
a sustained construction revival to con- 
tinue without serious interruption for 
several years. Yet, such a course is 
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@ The twenty-fifth 
John Howatt’s appointment as 


engineer of Chicago’s Board of Ed 


cation was celebrated by his 

and business associates at a testimor 
linner in the grand ball 
Stevens hotel, Chicago 


December 17 Some 


turned out to honor the “Chis 
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known to the heating and ventilating 
profession as past president of th 
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him and Mrs. Howatt the dancing and 


conditioning 


entertainment. \ complete movie 


Heatinc, Pirinc ann Am Conprrioninc, January, 1939 











60 


/ 


——— 





WHENEVER PIPING IS INVOLVE 


. 


WITH THESE 
FEATURES 


Here are some of the 
reasons Kewanee 
Type “C” provides 
high efficiency and an 
unhampered output 
in compact accommo- 
dations. 


Furnace big and high 
enough to promote com- 
plete combustion. 


Flues with sufficient 
area to handle the ex- 
panded volume of hot 
gases as they travel back 
and forth while their 
heat is transferred to 
the water. 


Large, unbroken 
water content to ab- 
sorb the heat and keep it- 
self in active circulation. 


Pienty of steam space 
to prevent priming and 
insure a continuous flow 
of dry steam into the 
heating system. 
















KEWANEE 


With the CORRUGATED! Crown Sheet 


A triumph of construction, the Kewanee Corrugated Crown 
Sheet provides Much Greater.Strength . . . More Heat- 
ing Surface . . . and Most Effective Use of the intense 
heat for Quick Steaming. 


The Crown Sheet, right-side-up, provides extra height for 
good combustion. There is a greater-volume of water in 
intimate contact with the increased heating surface and the 
waterways are freer and wider to accelerate circulation. 
Scale and sediment are thereby swept to the bottom of 
the short water legs for easy removal. 


KEWANEE, BSILER CORPORATION 


KEWANEE, ILLINOIS 


Branches in 64 Cities—Eastern District Office: 37 West 39th St., New York City 
division American Radiator & Standard Sanitary Corporation 


CORRUGATIONS 


. «+ add extra, effective 
heating surface, while 
rugged strength is im- 
parted by the massive 
i 2 to 3 inches deep. 
Same plate thickness is 
maintained by progres- 
sive one-at-a-time corru- 
gating. Expansion-con- 
tracting breathing tends 

to break up and 
\ dislodge scale. 












LARGE TAPERED CORNERS 


... More water 
ter surfaces . . 






ONE PIECE 
COMBUSTI 
CHAMBER 
... fewer par 
shorter seams. 
tional height 
combustion, 


ARCHED CROWN S 


at hot- 
. wide, 


free waterways. 


TS. a 
Addi- 
helps 


HEET 


Right-side-up, Self-Cleaning and Self-Draining. 


No sediment or scale can collect at hot fire zone. 
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Where Heat Must Not Fail— 
Install this SAFE Heating Pump! 





In Hospitals, Greenhouses, Schools, Public 
Buildings, Theatres, wherever heating sys- 
tems must not fail, install the Nash Vapor 
Turbine, for it is entirely independent of 
electric current failure, and continues to 
operate as long as there is steam in the 


system. 


More than that, the Vapor Turbine is a 
most economical pump, for the elimination 
of electric current does away with current 
cost, the largest single item in the operation 
of an ordinary return line heating pump. 






Greater savings still are effected by the 
Vapor Turbine in the system, for the reason 
that this pump operates continuously. It is 
the only pump that can do this with econ- 
omy. Continuous operation means uniform 
circulation, and uniform circulation saves 
steam. 


The Nash Vapor Turbine has but one mov- 
ing part, rotating in the casing without 
metallic contact, and requiring no internal 
lubrication. Quiet, compact, and trouble- 
proof. Bulletin A-290 is free on request. 


THE NASH ENGINEERING COMPANY 


SOUTH NORWALK, CONNECTICUT, U.S.A. 
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Air Conditioning in Industry 


LOUR milling 


alternately grinding and sifting wheat. 
gredients of the finished product are wheat and air. 
Ever since the first miller ground his first measure of 
wheat, the wheat itself has been a subject of absorbing 
interest to him and his successors. 
ity, weight, size, degree of firmness, and its “looks” and 


“feel.” There is a milling 
difference between hard and 
soft, between old and new, 
between wheat from one 
section and wheat from an 
other section, and the miller 
must know what these dif- 
ferences are and how they 
affect his operation and his 
finished product. Contrasted 
with the close study that 
the wheat 
importance of the other in- 
gredient, air, has had scant 
attention until the last dec 


receives, the 


ade or so, 

That air is an ingredient 
may, at first thought, ap- 
pear to be a matter for ar- 
gument ; on closer examina- 
tion, all argument vanishes. 


The air has had intimate 
contact with the wheat at 
all stages of the milling 


process for centuries. There 
has never been a “short- 
age” of air in milling. What 
was not appreciated until 
recently is that the products 
of the wheat berry are 
among the most  hygro- 
scopic of materials, and that 
the air always affects these 
products—for good or bad, 
depending on the kind of 
air it happens to be. 

Not only the relative hu- 
midity, but the temperature 
and cleanliness of air in the 
mill are important. Flour is 
a food. It should be made 


*Western Air Conditioning Corp. 


in simple terms 


The Flour Mill 


is a proce Ss of clean and kept cle an In 
The in 
Temperature 
i 


too readily. 
obvious reason of 1 
reasons 


He studies its qual- 








By George M. Sebree* 


Flour milling is a process of alternately grinding 
and sifting wheat, and the ingredients of the finished 
product are wheat and air. Ever since the first miller 
ground his first measure of wheat, the wheat itself has 
been of absorbing interest to him and his successors. 
But it has been only within recent years that the other 
ingredient—air—has received much attention . . . Mr. 
Sebree is something of a specialist when it comes to 
air conditioning of flour mills, and he discusses the 
problem here and describes how air conditioning has 
been applied at two modern mills 


Part of roll floor, Tri-State mill, showing ductwork 
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finer than dust, and atmospheric dust can mix with it all 


Is a 


which have to do 


ts finished state, it 1s literall 
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factor too, both for t 
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e Operator's comfort and for other 


with the adjustment of the 


milling machinery and the rate of flow of the wheat 
products from one machine to the next 


In the fall of °37, the Tri 


State Milling Co., Rapid 
City, South Dakota. started 
construction of a new mill 
modern in 
Horner & 
W yvatt, consulting engineers 


which was to he 
every re spect 


were desion 


employed to 
the building, and the new 


storage elevator built at th 
same time. The engineers 
designed a mill building 
which gave flour mill ai 


conditioning a chance to 


really go to work and get 
results 
ft x 80 ft in plan, six floors 
with a total height of 8O ft 
and is 
The extensive use of 
brick in. the 
windows 
light, 

against 


This building ts 37 


almost windowless 
glass 
walls makes 
unnecessary tO 
provides insulation 
heat and moisture 
leakage, and was 
tant factor in making it pos 
sible to 


most graceful and beautiful 


an impor 
design what is a 


industrial structure 

This mill 
of 600 barrels of flour pet 
24 hours. It is one of three 


has a capacity 


mills designed by Horner & 
Wyatt during the past thre 
or four vears, 
ferent 
about the sanx 
ity, but all in the middle 


each for a dif 
company, each of 


daily capac- 


west and all air conditioned 
Another of mills is 
the Nebraska Consolidated 
Mills Co. plant at Grand 


these 














Island, Nebraska, completed in 1936. This mill uses sub- 
stantially the same type of air conditioning system which 
was installed in the Tri-State mill, and the following dis- 
cussion will apply in general to both of them. 


Why Air Conditioning Is Needed 


In addition to improving operation of a flour mill, there 
is another “dollars and cents’ reason for air condition- 
ing—the possible saving of from % of 1 per cent, up to a 
full 1 per cent, of the raw material, the wheat, passing 
through the mill, This percentage represents moisture 
lost through needless evaporation. Such evaporation, in 
fact, usually will adversely affect the quality of the flour 
manufactured, because flour needs a minimum moisture 
content for stability, and to have the best keeping, mix- 
ing, and baking properties. The percentage of saving 
may seem small, but in a 600 barrel mill, if 1 per cent 
can be saved, this means six barrels of flour per day 
not lost—and this six barrels of flour may be worth 
around $5.00 a barrel wholesale. 


The Control of Evaporation 


The best general purpose flour has a moisture content 
of between 13.5 and 14 per cent by weight, I believe. 
The wheat will enter the mill at any moisture content of 
from 16 down to 12 or even 10 per cent. Deficiencies 
in moisture content in the wheat can to some extent be 
made up by “tempering,” or soaking in water. There- 
fore, the wheat can be made to enter the first break roll 
at a more or less uniform moisture content. But the 
moisture content of the flour at the end of the milling 
process was formerly a matter that was on the laps of 
the gods. Now and then this moisture content was just 
right, sometimes it was too high, but more frequently it 
was far too low—and there was nothing that could be 
done about it. 

There is a limit to the water the wheat will absorb 


in the tempering process. If water is added above this 





limit, the wheat will “mush” in the rolls instead of break- 
ing cleanly, and of course will not separate properly on 
the sieves. Water as a liquid cannot be added to the 
flour, for the result would be dough. Storing the flour 
in a humidified room offers little promise because of the 
slow rate of moisture absorption into the middle of the 
package after the outside layer of flour has absorbed 
even a little moisture. Few mills have space to store 
even their own production for more than a few days, 
yet thorough and uniform moisture absorption by pack- 
aged flour would require weeks and perhaps months. 

The only way that flour can be delivered to the pack- 
aging machines at the desired moisture content is by the 
control of evaporation during the 20 to 30 minutes that 
the wheat products are in the process of being milled. 
This in turn means control of the relative humidity of 
the air in contact with them. In order to control the 
relative humidity, the temperature of the air must be 
controlled, and, as will be seen below, temperature con- 
trol also brings its own independent advantages. 

A relative humidity of 60 per cent is considered most 
satisfactory for milling, and this is the relative humidity 
that is maintained, except in winter, surrounding the 
roller mill machines in the Tri-State and Nebraska Con 
solidated plants. During extremely cold weather, even 
these well insulated buildings will not carry 60 per cent 
relative humidity without some condensation inside, and 
during the winter the relative humidity is reset to 40 per 
cent and compensated for by a change in the wheat 
tempering. 

The central factor in flour mill air conditioning is that 
the mill stocks, the products of the wheat berry in smaller 
and finer sizes as these products pass through the rolls 
and sieves, tend to lose moisture if given an opportunity 
to do so. In an unconditioned mill, the low relative hu 
midities that usually prevail will evaporate moisture from 
the stocks at any and every point in the mill. Per- 
haps a greater cause of moisture loss, particularly in the 
summer, is flash evaporation from the stocks during the 
brief contact with the hot rolls. A considerable amount 

of power is used to grind the 


stocks, and some of this 





power is converted into heat 
on and in the rolls. These 


rolls are good sized cylinders 

















NW’ - Air 








Schematic Layout 
BEL Flour Mil/ 
Utroning System 


of cast iron and have a large 
heat holding capacity. 

(of course, we could stop 
evaporation entirely, or even 
reverse the process to ab- 
sorption of moisture by the 
mill stocks, by maintaining a 
high enough relative humid 
itv. It is undesirable to stop 





A. line of roller mills on third floor: B, 
roll suction fan: C, cyclone dust collec 
ters: D, air collector trunk on ceiling 
of ton floor; exhaust ventilator 
through roof: F. roll return and ex 
haust dampers; G, line of purifiers on 
fifth floor; H, return air suction fan on 
top floor; I, air conditioning equipment 
room on fourth floor; J. roll and purifier 
outside air dampers; K, stocking type 
dust collector; L, return air opening to 
fourth floor, with heating coil and hand 
damper; M, two stage air washer; N, 
main air supply fan to discharge grilles 
near ceiling of third (roll) floor. 











to 


Heatinc. Prernc anp Ar Conprriontne, January, 1939 











evaporation completely, however, for a number of rea- 
sons, one of which is that in summer, with present roller 
mill equipment, there would probably be trouble in hold- 
ing roll temperatures down to a reasonably warm point 
unless some evaporation were permitted. If we main- 
tained the humidity at the equilibrium point for the mois- 
ture content of the entering mill stocks, we theoretically 
would have no evaporation. Equilibrium relative hu- 
midities and moisture contents of some hard winter 
wheat stocks have been determined by Dr. C. O. Swan- 
son of the department of milling industry, Kansas State 
\gricultural College, and his associates, and reported in 
the Northwestern Miller, and are as follows:: 


Per Cent Moisture in Stock 


RK. H, First 

Per Cent Wheat Break Sizings Flour Bran 
” e's 12.00 11.85 11.65 12.00 11.75 
55 . ooo 33.85 12.75 12.60 12.90 12.60 
60 2 13.75 13.65 13.60 13.70 13.65 
Me iia & ‘ eee Se 14.65 14.60 14.50 14.70 
70 : . 16.60 15.75 15.60 15.35 15.70 
75 16.50 17.10 16.75 16.15 16.75 


It will be noted from the table that flour with the desir- 
able moisture content of 13.7 per cent moisture has an 
equilibrium relative humidity of 60 per cent, and this 
with wheat entering the mill at about the same moisture 
content. However, we must allow for some evaporation 
on the rolls, so the wheat is brought in at, sav, 15.7 per 
cent moisture content instead of 13.7 per cent. If the 
mill stock could remain in the mill in intimate contact 
with the 60 per cent relative humidity air long enough, 
it would return to 13.7 per cent moisture content, no 
matter what its entering moisture content. But we can- 
not wait that long, for the stock must flow through the 
mill without delay. The best thing is to bring the stock 
in at the moisture content most favorable for the final 
moisture content desired in the flour. 


Temperature a Factor 


Closely connected with the relative humidity (in flout 
mills as everywhere else) is temperature. An ideal tem 
perature for milling would be about 78 F the year ‘round. 
This applies to the roll floor and may be allowed to 
vary somewhat on the other floors. In summer, this 
calls for cooling. In winter, some heating may be re 
quired. Note the word “may,” because there is another 
source of heat in the mill, ready at hand if it is put to 
work. This is mechanical heat generated by the moving 
mill machinery. About 0.4 horsepower per barrel of 
daily capacity is required to drive the rolls, sifters, puri- 
fiers, conveyors, elevators, and other machinery in the 
mill proper, and the separators, scourers, etc., in the 
wheat cleaning department. In a 600 barrel mill, the 
very respectable total of (600 « 0.4 & 2546) = 611,040 
Btu per hr might be available as waste heat if it could 
all be trapped and kept inside the building. Not all of it 
can be kept inside by any means, but enough can be 
salvaged to make a very real saving in fuel required to 
heat the mill. 

As a general rule, neither the Tri-State mill nor the 
Nebraska Consolidated’s Grand Island plant require 
heating by their steam plants until the outside tempera- 
ture drops to around 30 deg. As a matter of fact, one 
of the principal functions of the outside air damper in 
the air conditioning system in these mills is to be always 
ready to swing open as required to prevent overheating 
in winter. And while we're on the subject of apparent 
paradoxes, an important duty of the steam heating sys 
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Part of stocking type dust collector, 
also return air damper in partition 


tem in these mills is to heat the building to a very high 
temperature in summer. When outside conditions pet 
mit, both mills are “fumigated” by bringing the inside 
temperature up to around 145 F and maintaining this 
temperature for several hours. 


Air Conditioning Must Start with Structure 


It is important to remember that mill air conditioning 
must start with the building structure. It does little good 
to produce the desired conditions inside unless the build 
ing can hold these conditions. Both the Tri-State mill 
and the Nebraska Consolidated mill have brick and hol 
low tile walls, plastered inside, and have glass brick 
panels instead of windows. Rigid insulation is used on 
the roofs, and in general both buildings are well built to 
prevent heat and moisture transfer between inside and 
outside. In the winter time particularly, insulation is 
very necessary to satisfactory operation of the air condi 
tioning system. 

Sack about the time of the World War when mill con 
struction was booming, a definite type of building be 
came almost standard. This was the “daylight mill,” o1 
the “sunshine plant’—words which spell many prob- 
lems for the air conditioning engineer. Such a mill fre 
quently consisted of a reinforced concrete frame, with 
outside walls having vast areas of single thickness glass 
If it is proposed to install air conditioning in a building 
of this sort situated in a cold climate the best investment 
that could be made would be to insulate it. This would 
involve considerable rebuilding or revamping of the out 
side walls, but should be considered as part of the neces 
sary expense of installing the system 

Saving part of the machinery heat makes the task of 
heating the mill in winter much easier. Yet in many 
mills, no attempt is made to save any of this byproduct 














The Tri-State mill, Rapid City, South Dakota 


heat. It is all exhausted outside including a very large 
part of the heat supplied by the heating system. With 
the rolls, purifiers, and sometimes the elevators, all re- 
quiring air under suction for ventilating, or separation 
of light from heavy stock by aspiration, these machines 
may exhaust all the air in the mill every 8 to 10 minutes. 
\nd in winter, there is nothing to take its place but 
cold air from outside. 

\ bad beating is taken in winter by the average mill 
which is situated in a cold climate. It frequently does 
not save any part of the heat from its own machinery, 
and is forced to use and heat large volumes of cold out- 
side air. And its glass area and thin uninsulated outside 
walls add an unreasonable amount to the total heating 
load. 


The Air Conditioning Cycle 


While it was mentioned above that in general the same 
type of system was installed in the Tri-State mill and 
the Nebraska Consolidated mill, there are of course some 
differences in these systems, and from this point on the 
equipment in the Tri-State mill will be followed. 

This mill has six floors, the first being used for stor- 
age and packing and the second for cereal milling. The 
third floor is the “roll floor,” the heart of the mill, and it 
is here that the effect of the air conditioning system is 
concentrated. The fourth floor is used for general pur- 
poses and the air conditioning equipment room is situated 
there. The fifth floor contains purifiers and sifters, and 
the sixth floor is used for the cyclone dust collectors, 
blowers, and air ducts. The cleaning department is also 
on the five upper floors of the building, but on each floor 
is sealed off tightly from the milling section. 

A good point to start with a description of the air 
conditioning cycle is the air exhausted from the milling 
machinery, this air being roughly half the total of 15,000 
cim delivered by the system. Of the approximately 7500 
cfm exhausted from the milling machinery, about 40 per 
cent comes from the rolls. This air is usually 12 to 15 
deg warmer than the surrounding air in the mill, the air 
being heated by the rolls themselves, which have been 


warmed by mechanical friction. The net moisture con- 





tent of this air has also increased due to 
evaporation from the stock. This roll air 
is what is used to build up humidity and 
heat in the mill in winter. In summer, all 
of the roll air is exhausted outside, be 
cause cooling the outside air to take its 
place always constitutes a smaller load 
than cooling—and to some extent dehu 
midifying—the roll air. 

Most of the remaining 60 per cent ol 
exhaust air from the machines comes from 
the purifiers. Each purifier has its own 
fan, which draws air up through sieves on 
which the stock is being separated. When 
discharged from the purifiers, the air has 
picked up little or no heat. Its moisture 
content may have increased by a_ very 
some evaporation 
It is at al 


slight amount due to 
from the stock on the sieves. 
most the same condition as the air in the 
mill. Under automatic control, it is usu 
ally not exhausted outside in winter, but 
may be exhausted at other seasons as re 
quired to maintain inside conditions. 

As will be seen from the schematic layout reproduced 
here, both roll air and purifier air is first discharged into 
the cyclone dust collectors, where the heavier and coarser 
dust is precipitated by gravity and centrifugal action. 
‘rom the top of the cyclone dust collectors, the air passes 
to a collector trunk, a large duct usually built in triangle 
form with steeply sloping sides, and which has a parti- 
tion to separate the two-_kinds of air. Additional dust is 
precipitated in this trunk and collected by a screw con- 
veyor at the bottom. 

Each main chamber of the collector trunk has an ex 
haust ventilator head extending through the roof of the 
A heavy steel plate damper is in 


mill to atmosphere. 
A return duct is 


stalled in the throat of each ventilator. 
brought out of the side of each chamber of the collector 
duct, and these ducts also have heavy steel plate dampers 
The damper motor and control arrangement is such that 
when either exhaust damper or ventilator damper is open, 
its companion return damper is closed (or vice versa) 
\nd more than this, when either exhaust damper opens, 
an outside air damper of equivalent air capacity opens at 
the same time to admit the exact amount of outside air 
needed to prevent a pressure or vacuum condition in the 
mill. 

Neither exhaust damper ever closes tightly, about 
per cent of the air being given a chance to escape at any 
time. We cannot balance the amount of air delivered 
into the collector duct and the amount of air returned 
from this duct to the mill down to the last cfm. There- 
fore, we prefer to allow a little air to escape to the outside 
rather than to take a chance of pressure building up in 
the spouts and blowing dust out into the mill through 
It might be mentioned also, in 


~ 


spout inspection plates. 
passing, that a pressure or vacuum condition in the mill 
has a bad effect on the performance of the purifiers. The 
purifier separates mill stocks partly by aspiration, which 
involves a delicate balance between the suction of the 
purifier fan and the amount of air admitted under the 
sieves. This balance can be maintained only by maintain- 
ing constant pressures on the outside of the machine and 
in the discharge duct from the purifier fan. 
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The return ducts from the two chambers 
of the collector trunk join as soon as pos 
sible after passing the separate return damp- 
ers, and the single duct thus formed is 
brought to the suction of the main return 
fan. This fan is driven at a constant speed 
and may at times operate without any air 
supply at all, if both purifier and roll re 
turn dampers should happen to be closed at 
the same time. This fan has ample capacity 
to handle full volume of air from the rolls 
and purifier at the same time. 

The main return fan discharges into a 
duct which is brought down from the sixth 
to the fourth floor, and which enters both 
ends of a stocking type dust collector, where 
practically all of the balance of the dust is 
This collector is sit- 
uated in the air apparatus 
room. The stocking type dust collector itself 


removed from the air. 
conditioning 


is a large cloth filter, revolving slowly and 
stopping perhaps 40 times during each revo 
lution. It is more or less self-cleaning, hav- 
ing an arrangement of rubber tipped hammers which 
give several hard thumps to each row of “stockings” 
when this row is momentarily stopped in the top posi 
tion of the circle. At this position, this particular row 
of stockings is under suction, while all the other rows 
are under pressure of something upwards of 1 in. of 
water. The dust precipitated by this combination of 
thumping and suction is removed by a screw conveyor. 
If our ventilator dampers are closed, and return damp 
ers are open, we will now have about 7500 cfm of clean 
air issuing from the stocking type dust collector. This air 
is in the conditioned air stream—in fact, it is the condi 
tioned air that in winter will maintain the mill building 
at the temperature and humidity for which the instru 
ments are set. This applies, of course, if the outside tem 
perature is somewhere between 30 and 70 F; if the out 
side temperature is below 30 F, it will be necessary to 
call on the mill's heating system for some help. 


Additional Heating of the Air 


Additional heat is imparted to the air, when needed, in 
this manner: The stocking type dust collector, and all 
the ductwork, etc., between it and the milling machinery, 
can supply only half the air handled by the entire system. 
Assuming that the outside air dampers are closed, as 
they normally would be during cold weather, the remain- 
ing 7500 cfm will be return air, taken directly through an 
inlet opening in the air-tight partition between the air 
conditioning equipment and the mill. In this opening ts 
a two row steam blast coil made up of copper tubes and 
aluminum fins. A modulating type motorized steam 
valve admits steam to this coil as needed. This steam 
valve is controlled by a thermostat set at 76 F situated 
on the main instrument panel in the mill. The thermo- 
stat controlling the purifier dampers is set to maintain 
78 F. If the outside temperature drops to the point 
when the mill cannot be maintained at 78 F by the heat 
from the machinery, the second thermostat controlling 
the steam valve comes into play when the mill tempera- 
ture has dropped 2 deg. 

Between the stocking type dust collector and the main 
fan is situated the two stage air washer which cools the 


Heatinc, Preinc anp Ar Conprrtonrnc, January, 1939 





Grand Island plant of Nebraska Consolidated Mills Co. 


air, and hence the mill, in summer. The first ban! 


sprays is normally connected to recirculate wate 
pump motor for this bank js automatically controlled by 
thermostat, and starts when the temperature in the mill 
rises above the thermostat setting The second banl 
sprays receives water from a well pump, delivering 10 
gpm of 50 F water, which is the temperature of th 
The 


a hygrostat in the mill, cut 


erates 
obtainable at Rapid City motor for this 
automatically controlled by 
if the 
above the hygrostat setting. 
When operated on the 


arranged that 


pump 1s 


ting in as necessary mside humidity should 


summer cycle, the automati 


controls are so when the temperature | 


gins to rise in the mull, the puriher ventilator ane 


outside air damper will open and the purifier rett 


to do as 
If the temperature continues to climb 


much cooling as possibl 


will close, in ordet y 
with outside air. 
another thermostat will start the recirculating pump 
ing water through the first stage nozzles of the ai 
washer. As both outside air dampers are open, the equip- 
ment will be handling a large proportion of outside ai 
and will do a considerable amount of cooling by evay 
oration, 

As a matter of fact, in this mill in the Black Hills 
South Dakota, evaporative cooling has been all that has 
been needed for a very large part of the time ci 


ining the 


past summer. It has maintained the temperature ce 
sired, with sufficient but not excessive humidity. Shot 
very high outside temperatures prevent this cycle worl 
ing to advantage, the milling superintendent needs on! 
to go to the panel board, flick a switch, and return the 
purifier air to the equipment, shutting off half t! 
side air. As a last resort, he might return the roll air 
also, shutting off practically all of the outside air, but 
the outside air would have to be exceptionally hot and 
humid before it would pay to operate with roll air re 
turning to the mull. 


The outside air intake is situated on the fourth floor 


50 ft above the ground. This is a naturally dust free 
location, and in summer all the air entering the mill 
passes through the sprays and is washed. In the Black 


[Concluded on page 19 














New Charts for Figuring 





Friction Loss in Piping 


T is common practice to rely upon empirical for- 
mulas to determine the friction loss in pipes for 
computing the flow of liquids and gases; this is 
particularly true with water, air and steam. In general, 
cmpirical equations give excellent results within the test 
ranges from which they were derived, but usually they 








By E. A. Windham* 
Mr. Windham is concerned in his daily work with 
computing the flow of various fluids in piping, and 
he developed the charts reproduced here in order to 
simplify the routine involved. . . . With the hope 
that they will prove useful to others who must solve 
similar problems, he has made them available to 
readers of Heatinc, Piping aNnp Aik CONDITIONING 





do not take into account the changing characteristics of 
the fluids due to temperature changes. 

The hydraulic engineer—dealing entirely with water 
within a limited temperature range—can quite safely 
use an empirical formula. In the same way, the venti- 
lation engineer may safely use an empirical equation for 
determining the friction loss in ducts when he is con- 
sidering air at or about standard conditions. It fre- 
quently occurs, however, that the friction loss in pipes 
for various fluids or gases over a wide range of tem- 
peratures must be computed, and I think it is generally 
agreed that it is unsafe to use empirical equations for 
this type of work. When this problem arises, the best 
solution (to my knowledge) is to utilize the Fanning 
equation : 


CfSV°L 
AP =— 
dD 
where AP =Kriction loss in pipe; 
C =a constant; 
f = riction coefficient ; 
S = pecific gravity (62.4 lb per cu ft = 1.0); 


V = elocity; 
L = ength of pipe; 
DPD = nternal diameter. 


II 


The friction coefficient f is a function of the Reynolds 

number Re. 
KDVS 
Re = —— 
Z 
where Z = viscosity ; 
K =a constant, 

While this formula takes into account all of the known 
factors that affect friction loss in clean pipes, it is rather 
cumbersome to use—which probably accounts for its not 
heing as widely used as would be expected. I have 
utilized a method of simplifying the application of this 
equation which has been of great aid to me and I hope 
it will be of assistance to others. 


*Engineering Dept., Surface Combustion Corp. 


The friction coefficient is a function of the Reynolds 
number, or 
KDIS 
Re = a f 
Z 


Therefore, for any given value of ()S/Z) the coefficient 


f is a function of the velocity |’. Also 
APD 
— ft | he 
SL 
which means that for any given length of pipe (A?D/S) : 


« fl*. Therefore, for a given length of pipe it is pos- 
sible to plot the term (APD/S) against the velocity |” 
for any given value of (DS/Z). 

The two charts show the values of (APD/S) for 
various velocities and for various values of (DS/Z). 
The second chart is merely an extension of the first and 
for convenience AP is taken to be the pressure drop 
in 100 ft of pipe, in feet of water. The ()S/Z) lines 
have two slopes, one representing streamline flow and 
the other being the turbulent flow region. The dotted 
portion indicates the range between streamline and tur- 
bulent flow which may be either type of flow. However, 
it is considered as turbulent flow since this will give 
the larger friction loss and therefore is conservative. 

An example of the use of this chart follows: 


, 


Determine the pressure drop due to friction in 100 ft of 3 in. 
pipe when handling 200 gpm of a brine having a specific gravity 
of 1.31 and a viscosity of 10 centipoises (/) = 3.068 in., S 1.31, 


V = 520 fpm, Z = 10). 

DS 3.068 * 1.31 
- =-—-_— = 0.402 
Z 10 

From chart, (APD/S) = 43. Therefore, 

43 X 1.3) 
AP=— = 18.4 ft of water per 100 ft of pipe 
3.068 
You will note that if the value (APD/S) = 43 is 


divided by the pipe diameter ) the result would be 
(AP/S), which would be the friction loss in feet of 
the liquid in question per 100 ft of pipe. This is very 
useful in handling pump problems. 


These curves also apply to gases. As an example, let us de- 
termine the friction loss in 100 ft of a 12 in. round duct handling 


air at 1400 fpm at 170 F. (Z = 0.0202; ) = 12; S = 0.063 


62.4 = 0.00101; |’ = 1400.) 
DS 
— 0.6 
: Z 
Irom chart 
APD 
——— = 24 
S 


234 < 0.00101 
AP = — = 0.0197 ft of water per 100 ft 
12 

= 0.237 in. of water per 100 ft 
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Engine driving ventilating fan The pump room at a high school 


Organized Maintenance Procedure Cuts 


Fuel Consumption for School Heating 


i 
ESIGN, operation and maintenance of the heat huildings have warm air fan furnace heating ster 
ing and ventilating plants and the mechanical fuel, a good grade of Southern []linois coal has been use 
and electrical equipment of Chicago's public for the last 10 years in all buildings but a few 
schools are under one control—that of the chief engineer burn oil because of special considerations o meet th 
of the Board of Education. Because of the great number ventilation requirements of the system, some 15,000,000 
3 of buildings and the combined size of the heating and cu ft of outdoor air is introduced and distributed « 
ventilating installations, the system of operation and minute of every school day 
maintenance has been carefully worked out so that effi The largest boiler plants are in the Teachers collegs 
cient and satisfactory service may be assured. formerly the Normal school), where there are six 450 
An idea of the size of system may be had from the fact hp water tube boilers, and in the Lane technical hig! 
that there is a total of 134,272 rated horsepower of boilers school, where there are four 600 hp water tube boiles 
in the 400 buildings under the supervision of this depart The sizes of the boiler plants range down to single 90 hy 
ment. (ne hundred and eighty thousand tons of coal are hand-fired fire box boilers The size of the buildings 
burned yearly to provide heat during school hours for ranges from 21,000 to 694,000 sq ft of heated and ver 
half a million pupils and tilated floor area 
teachers. Eight hundred - xperience is the guid 
and thirty-three (770 high ——An interview with John Howatt"————— used in selecting equi 
pressure and 63 low pres Careful organization for maintenance and operation ment for the school plants 
sure) boilers of nearly of the heating and ventilating services in Chicago's Comprehensive — perforn 
every type fire box, 400 school buildings has resulted in a steady reduc- ance and maintenance re: 
Scotch marine, shipping tion in fuel consumption. It is estimated that, over a a la knee Sees 
q board. horizontal return the past five years, fuel for heating high schools has mare ‘coeielly Yom 
tubular. and water tube been cut about 12 per cent and for elementary build- ee eee 


ings, about 5 per cent. These savings represent im- 
portant money, for the school system burns some 
180,000 tons of coal annually... . Mr. Howatt—who 


are in operation. Stokers 
of various types are used 


ee these boilers, and completed last month 25 years of service as chief 
many ol them are hand engineer of the Board of Education—tells here the 
fred. About 20 small maintenance routines which have achieved these 


economies, and describes general policies on plant 

*Chief Engineer, Chicago Board - _s ; ae : al 

of Education Member of Board operation, maintenance, repairs, re place ments, ete. 
ot Consulting and Contributing 


Editors 
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abundant lig] t on the rela 


tive value m actual sery 
ice of various makes and 
types of equipment fa 
boiler plant is needed for a 
new building, or an old 
boiler plant has te he re 


placed, it can be accurate]; 

















Some of the forms used for boiler and coal reports 


predetermined, from the records of other similar plants, 
what type of boilers, firing equipment and auxiliaries will 
give the best results and the greatest ultimate economy 
for the particular installation. The records show, for ex- 
ample, the cost of brickwork and repairs with various 
types of stokers on comparable installations, and the 
amount of coal (on the degree day basis) used with 
various types of boilers to heat each thousand square feet 
of floor space in buildings of similar size. 

Accessories for the boiler plants have to be purchased 
with care and caution. The number of plant operating 
hours per year in schools is much less than in hotels or 
factories. Some of the auxiliary equipment which will 
repay its cost in savings in certain other establishments 
will hardly pay for itself within its useful life in a school 
boiler plant. It has been found that in school systems the 
simplest equipment is usually the best. Equipment that 
has been given a fair trial and failed, or whose mainte- 
nance cost is high, is not purchased again. 

The heating peak in the city’s school buildings is from 
6:00 to 9:00 a. m., tapering down from 9:00 to 11:00 
a. m. and carrying on at half peak from 11:00 a. m. to 
4:00 p. m.—followed by 14 hours of inactivity. Heating 
equipment must be installed which will carry the peak, 
and also the lighter loads, efficiently and economically. 

The criterion used to determine and compare heating 
costs.is the amount of coal burned to heat each 1000 sq ft 
of floor space. The area and the cubic content bear a 
fixed relation to each other because room ceiling heights 
are uniform throughout the system. This figure, which is 
reported and recorded every month for each building, is 
of far greater practical value than reports of efficiency, 
stack temperature, evaporation and CO,, as it is a com- 
posite report. This figure varies widely in the 400 build- 
ings, due to structural conditions, boiler plant age, habits, 
and usage, as well as operating efficiency. 
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Boilers are kept in service for as many years as pos- 
sible. A boiler is not replaced until it is on the verge of 
condemnation, or its physical condition is such that it is 
beyond the point of economic rehabilitation. Some of the 
boilers are delivering remarkably low cost heat after 
nearly 30 years in service. The average length of service 
for the system’s boilers is between 24 and 25 years. The 
care with which inspections and repairs are made is 
evidenced by the fact that there has not been an explosion 
or serious boiler accident in the school system for 40 
years. 

How Maintenance Is Organized 


The factors which make this record possible are careful 
selection of equipment, correct installation, supervised 
operation and adequate maintenance—of which the last 
is by no means the least important. 

For the adequate maintenance of 400 heating plants 
operated under one head, proper financial provision and 
staff organization are prime essentials. Approximately 
$500,000 a year is set up in the Board of Education’s 
budget for maintenance, major and minor repairs, and 
rehabilitation of mechanical equipment. As this total 
must not be exceeded, care is taken to spend somewhat 
less than the full amount during the year. This amount 
does not include a fund of $200,000 (a definite appro- 
priation) for the replacement of boilers and plant equip- 
ment. 

Under the chief engineer are six supervising engineers. 
The city is divided into six districts, each containing 
about 65 school buildings. Each supervising engineer 
has general charge of the operation and maintenance of 
the boiler plants and other mechanical equipment in the 
schools in his district. In each school the heating plant is 
operated by or under the direction of the engineer 
custodian. 
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Each supervising engineer is required to visit every 


building in his district at least once a month the year 
around and to make such additional visits as may be 


necessary. All are required to spend two afternoons a 
week in the central office and take up matters pertaining 
to their districts with the chief engineer. The supervising 
engineers’ reports cover efficiency of operating crews, 
condition in which mechanical plant is kept, their own 
inspections of boiler and equipment, and recommenda 
tions for repairs and maintenance. 

During the operating months the engineer custodians 
are required to blow down twice daily; blow soot twice 
daily, if the plant has soot blowers (if this is done by 
hand, the tubes must be punched once a week) ; empty 
boilers and wash out once a month; inspect boilers for 
pitting and scale; and to make a monthly report on con 
dition of boilers. It is part of the duties of the super 
vising engineers to see that these practices are faithfully 
observed. 

During the visits of the supervising engineer, the eng 
neer custodian discusses with him needed repairs and 
maintenance. A decision is made between them whether 
the matter is urgent or if it can wait until summer. In 
the latter case, the repairs are included in the list of sum 
mer work for that building. 

If it is decided that the repairs should be made at once, 
the engineer custodian issues a requisition, which, afte: 
being approved by the supervising engineer, is set up 
with an approximate cost estimate for the chief engi 
neer’s approval. When OK'd by the chief engineer, a1 
order is promptly issued to a contractor, if the amount 
involved does not exceed $200. If the amount is mor 
than $200, competitive bids are asked for, in accordanc« 
with the customary practice on city work. 


Summer Work 


When the school boiler plants are shut down in June, 
the boilers are not allowed to remain through the sun 
mer in a dirty condition while soot breeds corrosion and 
shortens the lives of the boile rs, aS 18 the case In too 
many heating plants. At shutting down time, the engi 
neer custodian is required promptly to drain and was! 
boilers ; wash all tubes thoroughly ; remove all soot; and 
remove hand hole plates. 

In early September, before the schools open, the engi 
neer custodians are required to replace hand hole and 
manhole plates ; put in new gaskets; fill and test the boil 
ers; and to get everything ready for operation. 

srick repairs and other boiler plant repairs of a major 
nature are made during the summer, for thoroughness of 
repairs in summer minimizes the emergency repairs which 
have to be made during the heating season. Likewise, 
timely small repairs, properly made, obviate more expen 
sive jobs later. Maintenance of piping, radiation, ventilat 
ing apparatus and all other mechanical equipment in the 
school buildings is likewise under the direction of the 
supervising engineers. Emergency repairs are made week 
ends. 

The city boiler inspector visits each school building 
yearly, between March and September, and issues the 
customary certificate of inspection. As mentioned before, 
it is the policy of the school system not to replace a boiler 
until it is about to be condemned or is past repair. Some 
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LINCS, with the approval ol thie city bowler mspector 


possible to keep an old boiler in service for a number 

additional years by reducing the operating pressure 
axinum pressure for which boilers m the scl 

ngs are designed is about 125 Ib, and such pressures 

carried only in the plants where steam is used 

pumps, stokers, et 


Che policy with regard to replacement makes it esse1 
os 


tial, in the mterest ot cconomy, to keep all molers i i 


efficient operating condition as is humanly possible, S 
cial attention must be given the older boiler plants. ‘J 
is where supervised operation and maintenance prove 
their worth. 

The following tables show the coal consumption it 
lor heating 1000 sq ft of floor area for the past six vear 
with the degree days (for the eight months, October 1 
May 31) given for purposes ( aris 
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The larger coal consumption in the high school build 
ings is due mainly to the fact that they are used 


heated more hours per vear than the elemet 


Boilers and chain grates 
in one of the high schools 














buildings, as night classes are conducted in many of the 
high schools and they are utilized by outside organiza- 
tions for various activities. 

The comparison might be carried further by ascertain- 
ing the ratio of coal consumption in lb to degree days, 
per 1000 sq ft of area. For the school year 1932-33 this 
ratio for high schools would be 9600 Ib — 5972 = 1.6. 
lor the school year 1937-38 the figure would be 8200 — 
5866 — 1.4. 

A comparison of the fuel consumption figure shows 


Readers Ask Information on 





that, under the present system, more economical heating 
is being attained as the years roll by. The same quality 
of coal has been burned during the entire period. A 
comparable heating job is being done with about 12 per 
cent less coal than was burned five years ago. 

The same ratios for the elementary schools are 1.37 
for 1932-33, and 1.3 for 1937-38, showing an economy 
of about 5 per cent. These percentage savings repre- 
sent important money on a yearly fuel bill as high as 
that of the school system. 


Underground Steam Line.... Heating a Cordage Mill 


Answered by Samuel R. Lewis* 


READER of H. P. & A. C. asks how condensate in 

an underground steam line can be best disposed ot 

when the flow of steam is uphill at a slope of 10 ft in 

a hundred (steam at 75 Ib and the distance traveled 
600 ft): 

In a general way an upgrade away from the boilers 
is desirable, rather than otherwise, provided that the 
main is not too small to prevent the condensate from 
working back against the steam flow, since it tends to 
prevent blowing out the remote end with a slug of 
water at high velocity when steam is turned on too sud- 
denly. 

I have designed many installations with a steep uphill 
slope and have had no trouble. I would provide a drain 
pocket full pipe size and several feet deep at the inlet 
end, from which the float trap releases the water. | 
would provide a similar pocket at the upper end of the 
line, several feet beyond the tee which looks up to re- 
move the steam—this pocket also serving as a cushion 
tank to receive any possible impact from blown up con- 
densate. 

It is wise to use extra heavy fittings on such a line. 
lf there is a high pressure return paralleling the main 
an intermediate condensate drainage pocket and trap 
would be helpful, say at every 200 ft, or at the interme- 
diate expansion joints. If the parallel return main is at 
low pressure it will be necessary to install flash tanks 
for allowing the cofidensate to re-evaporate, as much 
of it will, due to superheat at the reduced pressure, be- 
fore trying to drain into the low pressure return main. 
The high pressure trap drains into the flash tank and 
the latter drains the condensate residue through a sec- 
ond float trap into the low pressure return main. 

The reader also asks what is the minimum slope of 
an underground steam main, 2400 ft long (steam enter- 
ing at 100 lb and leaving at 50 lb with steam and con- 
densate flowing in the same direction) : 

I prefer to have such a line pitch up asway from the 


*Consulting Engineer. Member of Board of Consulting and Contributing 


Editors. 





boilers than have it level, and I prefer to have the main 
pitch up or be level than have it pitch downward away 
from the boilers. This opinion is based on actual ex- 
perience due to too hasty turning on of the steam, fol- 
lowing which the remote end of a down-pitching line 
usually is broken loose due to simultaneous arrival there 
of steam and a large body of condensate. 

If the line pitches up away from the boilers the origi- 
nal air in the pipe, which can escape only slowly, forms 
a cushion, and as the main warms up slowly the con- 
densate drains back slowly and much of it tends to be 
re-evaporated due to superheat resulting from pressure 
reduction on account of friction. 

Incidentally, a pressure reduction by friction only of 
about 2 Ib per 100 ft run, as suggested in the reader’s 
question, seems rather high. 


Heating a Cordage Mill 


Another correspondent wishes information concern- 
ing the heating of a cordage mill where cotton spinning 
machines induce large quantities of lint to float in the 
air and to cling to walls, rafters, windows, and the like. 
He wants to know if an air washer and steam coil sys- 
tem, with duct distribution, can be used: 

Indirect heating with central fans, ducts and air wash- 
ers has been used successfully for a great many years 
throughout the textile regions in the East. The higher 
relative humidity possible with such a system tends to 
reduce the floating lint and adequate screening and main- 
tenance of the screens in the spray water circuit will 
prevent too much trouble from clogging of the spray 
heads. 

It is desirable to design the eliminator plates with 
removable tops so that lint collecting on them can be 
washed down or scraped off. The water screens should 
be extra large and easily brushed off to a lint catcher. 
It is practicable in many cases to use 100 per cent re- 
circulation of the air, with a great saving in cost of 
heating. 
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Performance of Coils 
for Dehumidifying Air 


By William Goodman* 


HE surface temperatures of direct expansion coils, 
the “condition curve” for such coils, and the 


“boundary” dry bulb temperature of direct expan- 
sion coils were the topics discussed in Part 2. This 
month, the discussion of the boundary dry bulb tempera- 
ture is completed, after which the important subject of 
counterflow coils is treated, 

For a given coil and a given refrigerant temperature, 
Equation 13 can be used to find the boundary dry bulb 
temperature corresponding to different initial dew point 
temperatures. Plotting these boundary dry bulb tempera 
tures and dew point temperatures on the psychrometric 
chart for different refrigerant temperatures results in a 
set of curves similar to those in Fig. 7. These curves of 
constant refrigerant temperature are of considerable value 
because they show at a glance the conditions under which 
the coil will be entirely wet, or partially wet and partially 
dry. If the initial condition of the air is represented by 
a point to the Jeff of the curve for the given refrigerant 
temperature, the entire surface will be wet. On the other 
hand, if the initial condition of the air is represented by 
a point to the right of the temperature curve, a portion 
of the surface will be dry. For example if the refrigerant 
temperature is 50 deg, and the initial condition of the 
air is represented by point 7, part of the surface will be 
dry. 

Curves like those of Fig. 7 can also be used to de 
termine the boundary dry bulb temperature. If the given 
temperature of the refrigerant is 50 deg, the air initially 
in the state represented by 7 must be cooled by the dry 
surface along a horizontal line of constant absolute 
humidity (moisture content) to point B on the curve for 
50 deg refrigerant temperature before dehumidification 
can begin. On the other hand, if for any reason the 
possibility of dry surface occurring on the coil is to be 
eliminated, the refrigerant temperature must be lowered. 
The point to which the temperature of the refrigerant 
must be lowered can be read from the curve passing 
through point 7 of Fig. 7. 

If a part of the coil is dry while the balance is wet, 
then the single coil must be treated as though it were 
two separate coils through which the air flows in series 
the first coil being dry and the second wet. The same 
formula cannot be used for calculating the cooling capaci 
ties of dry and wet coils. If, after computing the bound- 
ary dry bulb temperature by means of Equation 13, a 
part of the coil is found to be dry, then the area of this 
dry surface must be found. The area can be found be- 
cause the initial dry bulb temperature of the air entering 
the coil and the boundary dry bulb temperature, that is 


*The Trane Co. Member of Board of Consulting and Contributing Edi 
Part 3 Part 1 was published in November, 1938, pp. 697 

Part 2 was published in December, 1938, pp. 777-781 
Copyright, 1939, by William Goodman. 
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New and simple formulas are developed by the author 
for computing the final dry and wet bulb tempera- 
tures of the air leaving a coil. Particularly note- 
worthy is the fact that the final wet bulb depression 
of the air is shown to depend upon the initial wet 
bulb depression of the air for both direct expansion 
and counterflow coils. This makes computation of 
the final dry bulb temperature the work of a moment 





the final dry bulb temperature of the air leaving the 
dry part of the coil, are known. The area of dry surface 
to fp can be found by 


required to cool the air from ¢, 
means of the following ordinary mean temperature dit 
ference formula using dry bulb temperatures instead o 
enthalpy. 
Hp = Av Un Dy [17] 

In this formula D» is the mean temperature difference 
based on the initial and final dry bulb temperatures of 
the air and the refrigerant temperature. lp» is com 
puted from the film coefficients by means of Equation 2 
Hy is the amount of sensible heat removed in cooling 
the air from /¢, to ty. The following example illustrates 
the method of finding the area of dry surface required 
to cool the air to the boundary dry bulb temperatur 


Fig. 7—Diagrammatic 
illustration of curves 
on psychrometric chart 
for determining 
whether there will be 
any dry surface on a 
direct expansion coil. 
4 chart such as this 
one can also be used 
to determine the boun- 

dary condition 
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Example 8: Take the conditions of Example 7 and find 
the area of dry surface required to cool the air to the boundary 
dry bulb temperature if the quantity of air to be cooled is 
20,000 cfm. 

Solution: From Example 7, the boundary dry bulb tempera- 
Equation 17 is used to find the area of dry 
To find 


ture is 85.2 deg. 
surface required to cool the air from 98 to 85.2 deg. 
the mean temperature difference, 

Dy = 98 — 42 =56 deg 





Ds = 85.2 —42 = 43.2 deg 
Ds 43.2 
-= = 0.771 
Dy 56 
; Ds Dy 
Referring to Table 2 for —— = 0.771, = 0.880, 
Dz Du 


Therefore, Du = 0.880 * 56 = 49.3 deg. 
From Example 1, Up = 7.14. 
G = 4.5 X 20,000 cim = 90,000 Ib per hr. 
Sensible heat removed in cooling the air from 98 degrees to 
85.2 deg is Hp» = 0.243 & 90,000 (98 — 85.2) = 279,900 Btu per hr. 
Using Equation 17, the area of dry surface is 
279,900 
“iD —_ 


7.14 X 49.3 

If the final dry and wet bulb temperatures of the air 
leaving the coil of Example 7 must be found, only the 
area of the wetted portion of the coil should be used. 
Furthermore, the wet bulb temperature of the air enter- 
ing the wetted portion of the coil will be lower than the 
initial wet bulb temperature of the air because of the 
sensible heat removed in cooling the air from the initial 
dry bulb temperature to the boundary dry bulb tem- 


— = 795.2 sq ft. 
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Fig. 8—Diagrammatic illustration showing change in the tem- 
perature and enthalpy of the air as it flows over a direct 


expansion coil that is partly dry 


perature. The temperatures and enthalpies at various 
points in a coil that is partly wet and partly dry are 
illustrated in Fig. 8. Strictly speaking, actual curves of 
temperature and of enthalpy would be difficult, if not 
impossible, to draw on one chart as in Fig. 8. Never- 
theless a freehand sketch of such curves with the appro- 
priate temperatures marked at the proper points makes 
an example like the following one easier to follow. 

Example 9: Take the conditions of Examples 7 and 8. 
If the total area of the coil is 2000 sq ft, find: (a) the final 
wet bulb temperature of the air leaving the coil; (b) the final 
dry bulb temperature of the air leaving the coil. 

Solution: 


(a) Av = A1 Ap 
= 2000 — 795.2 = 1204.8 sq ft of wet surface. 








lf the air is cooled from 98 deg to 85.2 deg at a constant dew 


point temperature of 59.5 as found in Example 7, the boundary 
wet bulb temperature as found from a psychrometric chart is 
68.1 deg. (The boundary wet bulb temperature can also be 
computed by subtracting from the initial enthalpy, the sensible 
heat removed in cooling the air to the boundary dry bulb tem- 
From Table 4, for fs = 68.1 deg, Ap = 32.45 Btu; 
and for fe = 42 deg, he = 16.15 Btu. 
—16.15 = 16.30 Btu. 

In order to find the final wet bulb temperature of the air, 


the value of WM must first be found. 


perature. ) 
In this case, dt = 32.45 


From Example 1, Uw = 19.9. 


1204.8 «19.9 


By Equation 7, M —————————- = 0.266. 
90,000 
; , ds 
Referring to Table 3, for M = 0.266, = 0.766. 
dt 


ds = 0.766 X 16.30 = 12.5 Btu. 
From Equation 6, fz = he + ds = 16.15 + 12.5 = 28.65 Btu. 
Table 4, for hz = 28.65, ?’: final wet bulb 
temperature of air leaving the coil. 

(Note—The above method of finding the final wet bulb tem- 
perature can be used instead of the method illustrated in Exam 
ple 4). 

(b) The initial dry bulb temperature of the air entering the 
wetted portion of the coil is the boundary dry bulb temperature, 
tp = 85.2 deg. Also for a boundary wet bulb of 68.1 deg, the 
enthalpy As = 32.45 Btu. In important to 
remember that in this case the boundary dry and wet bulb tem 
peratures represent the initial condition of the air entering the 


From = 63.2 deg, 


finding fz, it is 


wetted portion of the coil. 


1204.8 & 12 
By Equation 11, 1/ 0.661 
90,000 * 0.245 
By Equation 9, D, = 85.2 — 68.1 = 17.1 deg. 
D; 
Referring to Table 3, for \/ = 0.661, 0.5164. 
dD, 
D, = 0.5164 X 17.1 = 8.8 deg 
Krom part (a), t’: = 63.2 deg. 
By Equation 10, ft: = 8.8 + 63.2 = 72 deg. 


Occasionally the desired final wet bulb temperature is 
known, and the area of surface required to cool air must 
be found. In such a case, the boundary dry bulb tem- 
perature should first be computed by Equation l3a._ If 
this computation shows that there will be dry surface, 
the area of the dry surface can then be computed by 
Equation 17, and the area of the wetted surface by 
Equation 1. The total surface required is the sum of 
the dry and wet surface areas. After the area of the 
wetted surface has been computed, the final dry bulb 
temperature of the air leaving the wetted portion of the 
coil can be computed. 

The effect of the dry portion of the coil is exactly 
the same as though a separate precooling coil had been 
installed to cool the air down to the boundary dry bulb 
temperature, and a second coil installed for dehumidifi- 
cation. However, the two coils can be combined into 
one. There is no need for separate coils unless a dif- 
ferent cooling medium, such as city water, is to be used 
only for precooling the air down to the boundary dry 
bulb temperature. 

A coil part of whose area is dry will remove more heat 
than when its entire area is wet, although sensible heat 
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a =a numerical coefficient. See Table 1. 
Ap = external area of dry surface, sq it. 

Ay = total external area of coil surface, sq ft. 
Aw = external area of wetted surface, sq ft 


3} =ratio of external to internal surface area of coil 
c = humid specific heat of air (average « 0.243) 
c’ =specific heat of refrigerant. 
dy =large enthalpy (total heat) difference, Btu. 
dy = mean enthalpy (total heat) difference, Btu. 
ds =small enthalpy (total heat) difference, Btu. 

D = wet bulb depression of the air, deg Fahr. 


iP ="; -ftr, or t” the 
Dy = tn— tr, or fs tre 
Dy = ti —tna 


D, = large temperature difference, deg Fahr. 

Dy = mean temperature difference, deg Fahr. 

Ds small temperature difference, deg Fahr. 

I = dy/ds, or du/du. See text. 

f coefficient of heat transfer through air film, Btu pet 


hr per sq ft per degree of temperature difference 
fn coefficient of heat transfer through refrigerant film, 


Btu per hr per sq ft per degree of temperature dit 


ference. 
G weight of air, lb per hr. 
G’ weight of refrigerant, lb per hr. 
h enthalpy (total heat) of humid air, Btu per Ib of 
1 dry air. 
he enthalpy (total heat) of air at boundary wet bulb 


temperature, Btu per lb of dry ait 

hy =enthalpy (total heat) of saturated air at tempera 
ture equal to the refrigerant temperature, Btu per 
Ib of dry air. 

hex — enthalpy (total heat) of saturated air at a tem 
perature equal to the temperature of the refrig 
erant at the boundary, Btu per tb of dry air 

hs = enthalpy (total heat) of saturated air at a tempera 
ture equal to the surface temperature, Btu per lb of 
dry air. 

Hy» = total heat transferred through dry surface of coil, 
Btu per hr. 

Hw = total heat lost by the air flowing past the wetted 
surface, Btu per hr 


M a numerical factor. See Equations 7, 11, and 24 
Ge 
N=— 
GC" 
Bf, 
R 
fr 
t =dry bulb temperature, deg Fah: 
t’ = wet bulb temperature, deg Fahr. 
t’ = dew point temperature, deg Fahr. 
tn = boundary dry bulb temperature, deg Kali 
t'» == boundary wet bulb temperature, deg Fahr 
fy refrigerant temperature, deg Fah 
fn» <= temperature of the refrigerant at the boundary, deg 
Fahr. 
fs = surface temperature of coil, deg Fah 


Up = over-all coefficient of heat transfer through dry 
surface of coil, Btu per hr per sq ft per Btu of 
temperature difference. 

Uw = over-all coefficient of heat transfer through wetted 
surface of coil, Btu per hr per sq ft per Btu ot 
enthalpy difference. 

@ =angle in Fig. 4. 

The subscript “1” 

air or refrigerant entering the coil. The subscript “2” 


refers to the initial condition of the 


refers to the final condition of the air or refrigerant leav- 
ing the coil. 
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will form a larger proportion of the total heat removed 
Therefore, if the exact final dry and wet bulb tempera 
tures need not be known, the performance of the coil car 
be computed as though the entire surface were wet—tl« 
result will be on the safe side insofar as the removal 
tetal heat is concerned. 


Area of Wetted Surface Required 
for a Counterflow Coil 


As shown in Appendix 8, Equation 1 can be us 
determine the area required for countertlow coils as we 
as for direct expansion coils 

The solution of countertlow problems dec 
three classes depending upon the value of the 1 
(Ga/G’c’). When this ratio is less than one, the curv 


representing the enthalpy of the air and retrigerant 
is, the enthalpy of saturated air at the retrigerant 


perature ) at any point in their travel over the heat 


fer surface are as shown in Fig. ¥ The final wet 
temperature of the air tends to approach 1 initial 
perature of the refrigerant. This is by far the « 


est case insofar as comfort air conditioni concerne 


When (Ga/G’c’) is equal to one, the curves becom 


two parallel straight lines as shown in Fig. 10 
enthalpy difference is the same at all pornt throu 
the coil. The initial, final, and mean enthal ifferencs 


are all equal to each other 
When (Ga/G’c’) is greater than one, the curves 

representing the enthalpy of the two fluids are as shown 

in lig. 11. In this case the final temperature of the 

refrigerant tends to approach the initial wet bulb ten 

perature of the air. 

} j 


In using Equation 1, the value of Uw is compute 


means of Equation 3. As stated in an early part of this 
article, the value of a corresponding to the initial tet 
perature of the refrigerant is used in Equation 3. The 
value of dy, the mean temperature difference, is cor 
puted in the same way as illustrated in Example 2 except 
that the values of d;, and ds are computed by the foll 
ing formulas: 

(s illustrated in Fig. 9, if (Ga/G’c’) is less than one, 


~ 


dy hy hy Is 

ds h hy 119 
\s illustrated in Fig. 10, if (Ga/G’c’) is equal to one 

dy ds dy 1on 
\s illustrated in Fig. 11, if (Ga/G’c’) is greater than 

one, 
dy ht ly a] 
d h hy ' 


Once dy and Uw have been computed as outlined in 
the preceding paragraphs, the area of surface required 
is found by means of Equation 1 in exactly 
manner as illustrated by [Example 3 


Final Wet Bulb Temperature of Air Leaving 
Wetted Surface of Counterflow Coil 


\ problem that frequently occurs ts that of finding 
the total heat that a given coil can remove when only 
the initial wet bulb temperature ¢ f the air and the initial 
temperature of the refrigerant are known. The weights 


15 








of air and refrigerant flowing through the coil must, of 
course, also be known. When this is the case, the total 
heat transferred from the air to the water must first be 4 
computed by Equation 23. Once the total heat removed 
from the air is known, the final wet bulb temperature 

and the final temperature of the refrigerant can be com- 

puted. The derivation of Equation 23* is given in 
Appendix 9. 





1 + ——___ 
Awl wF 


ENTHALPY 


The interpretation of the symbol F in the above equa 





oo 


tion depends upon the value of (Ga/G’c’). 








TS ae If (Ga/G’c’) is smaller than one, F dy /ds. ¥ 
—e 
If (Ga/G’c’) is equal to one, F l. 


If (Ga/G’e’) is larger than one, F = dy/d,. 


The values of d uds and dy dy. can be found in either 
Table 2 or 3 after first computing the value of M by 
means of the following equation derived in Appendix 8: 


Ayl Ga 
VU - , (: ) [24] 


When (Ga/G’c’) is greater than one, the value of M 
will be negative. The negative sign should be disre- 


ENTHALPY 


garded when using Table 3. A negative value of M/ 


means only that # dy/d., whereas a positive value 


- 





means that / = dy/ds. 
Example 10: Air at an initial wet bulb temperature of 








——e AREA OF COOLING SURFACE deg is to be cooled and dehumidified by a coil whose area is 1500 
sq ft. The quantity of air to be cooled is 10,000 cfm. The quan- 
tity of water to be used is 150 gpm and its initial temperature is be 
18 deg. For this coil, f, = 10, fp — 400, and B = 15. Find: 
(a) the total heat transferred from the air to the water. (b) 
the final wet bulb temperature of the air. (c) the final temper- 
ature of the water. 
Solution 
(a) First, the value of Uw must be found. Referring to Table 


> 


1, for te = 48 deg, a = 0.593. Using Equation 3, 
1 0.243 0.593 
: - +15xk — — 0.04654 
Uy 10 400 
Uw = 21.5 Btu per Btu of enthalpy difference per ht 
per sq ft of surface. 


EnTHaLPY 


*This equation is analogous to Equation 6 on page 166 of the 
March, 1937, HEATING, PIPING AND AtR CONDITIONING. How- 
ever, there is a slight difference in the interpretation of the value 
of F. In order to make Equation 6 of the March, 1937, article 
saieahabaaie AAA OF COMING SURFACE strictly analogous to the formula above, it can be derived in the 





—_—_———_ 




















following form in the same manner as Equation 23 above is 
derived. 
Gc (t, — tre) 
H=-— 
Ge 
1 adept 
Tor to Borrom AUF 
Fig. 9—Diagrammatic illustration of change in enthalpy and where ty = initial temperature of warm fluid ; 
temperature of air and refrigerant flowing through a counterflow tx: = initial temperature of cold fluid ; 
coil when (Ga/G’c’) <1 G = weight of warm fluid; 
¢ = specific heat of warm fluid. 
Fig. 10—Diagrammatic illustration of change in enthalpy - The interpretation of F depends on the value of (Ge/G'c’). 
temperature of air and refrigerant flow ing through a counterflow If (Gc/G'c’) to leas tham cae, F = Du/Deo. 
coil when (Ga/G'c’) = 1 Sia se eeitan 6 ; 
li (Gc/G'e’) 6s equal to one, F -— 8 
Fig. 11—Diagrammatic illustration of change in enthalpy and If ites Ge) - greater than one, F= du/dy. : 
temperature of air and refrigerant flowing through a counterflow This formula is to be used only for dry surfaces under the 
coil when (Ga/G’c’) >1 conditions discussed in the March, 1937, article. 
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Equation 23 is used to solve this problem. However, the 


yalue of M must first be found by means of Equation 24. 


10,000 $5,000 Ib of air per hi 
(60 ™% 0.075 $.5) 
G’ = 500 & 150 = 75,000 |b of water per hi 


G = 4.5 


(8.33 Ib per gal 60 min 500 ) 
Ga 15,000 * 0.593 
0.356 
G’c’ 75,000 1 
Using Equation 24, 
1500 ™ 21.5 
M (1 0.356) 0.462 
$5,000 
Inasmuch as (Ga/G’c’) is less than one, / du/ds. Refer 
a ring to Table 3 for M 0.462, the value of du/ds is 1.271. Re 
ferring to Table 4 for ¢, 75 deg, A, 38.53 Btu, and for 
tn: = 48 deg, An: 19.18 Btu. Equation 23 can now be used 
to find the heat removed from the air. 
q £5,000 (38.53 19.18) 
Hy 
15,000 
1 + 
1500 * 21.5 * 1.271 
5 $15,100 Btu per hr total heat that can be r 
y moved by the coil from the air fl 
ing through it 
(b) The heat removed from the air is 
Hw: G th h.) 
Hy 
h hy, 
ty 
$15,100 
38.53 29.3 Btu, enthalpy of ait 
$5,000 leaving coil 
Referring to Table 4, for A 29.30 Btu, @’, 64.1 deg 
(c) The water in rising from its initial temperature of 48 deg 
to the final temperature f, absorbs 415,100 Btu per hr. The heat 
transferred to the water is 
Hy G’c’ (fre fr) 
‘ Hy 
ty fm + 
Gc’ 
$15,100 
18 + 53.5 deg, final temperature of 
75,000 the water 


. Final Dry Bulb Temperature of Air 
Leaving a Counterflow Coil 


The method of finding the final dry bulb temperaturs 
of the air leaving a counterfiow coil is exactly the same 
as the method used for direct expansion coils. As shown 
in Appendix 10, Equation 8 is also used for computing 
the final dry bulb temperature of the air leaving a coun 
terflow coil. 

Example 11: 
final dry bulb temperature of the air leaving the coil if the 


Take the conditions of Example 10 and find the 


initial dry bulb temperature of the air entering the coil is 95 deg 


Solution From Example 10, ?’; 75 deg and ?@’; 64.1 deg 


Using Equation 9, D, = 95 75 20 deg. 
4 1500 « 10 
Using Equation 11, M 1.37. 
$5,000 * 0.243 
Ds 
‘ Referring to Table 3 for M 1.37, 0.254. 
F. D, 
D; = 0.254 X 20 = 5.1 
Using Equation 10, 
te = 64.1 4+ 5.1 = 69.2 deg, final dry bulb temperature 
; of air leaving the counterflow 
coil. 
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Boundary Dry Bulb Temperature 
for Counterflow Coils 


\s in the case of direct expansion coils, an in 
portion of a counterflow coil may be dry lf asi 
quantitv of water or brine is used, its temperatur 


rise to such a point that it is unable to maintain 
surface at a t mperature below the mitial dew point tet 
When this occu 


coil will be dry and the 


Ss, a portion 


perature of the air. 


condition curve will be simil 
to the one in Fig. 6. The following equations deriv 
\ppendix 11 can be used to compute the boundary 


bulb temperature of the air 


J fryer Vr 
; 
j ‘ 
) ) 
ry sa] 
Bt 
ancl as he retotore, k 
Example 12: Take the conditions of Examples 10 
and find the boundary dry bulb temperatur 
5 f From a psy¢ met chart 
i ‘ deg, ¢ 66.8 d Using i I ! f 
and l fy 0 deg, and 
using Equation 27, D Us 
using Equation 28, D” 66.8 35 13.3 des 
l 10 
using | quation 14, J 0 
100 
15,000 0° 
Mig | f ration ! \ { i 
75.000 
1 | i) 14f ; 
using Equation 25, D, 
0 0 ti 
using Equatior 26, fy 166.7 + 53.5 100.9 des 
Inasmuch as f 95 deg, the initial dry bulb temperature of 
the air is lower than the boundary dry bulb temperatur: Hence 
there will be no dry surface in the coil of Exar ples 10 and 


Notice that the boundary dry bulb temperature of thi 





air cannot be found unless the final water temperature 
This means in turn that the final wet bulb 


] > | 
pe KNOWN 


is known 


temperature of the air must Hence, to fir 


the condition of the air leaving a coil of given area, sey 


eral final wet bulb temperatures must first be assumed 
The final water temperature for each assumed final wet 


Ne xt the boun 


dary dry bulb can be computed for each of these diffe: 


bulb temperature can then be computed 


ent assumed final wet bulb temperatures. The 
| by Equation 17 for 
\fter this has 


been done, the area of wette d surface require ad te produce 


dry surface can then be compute: 


each assumed final wet bulb temperature 


the various assumed final wet bulb temperatures can bi 
figured by means of Equation 1. The areas of the dn 
are then added to tind the total surfac: 


require d 


and wet surface 


required. Finally, the total surface in each case 
is plotted against the final wet bulb temperature of the 
air. From such a curve the final wet bulb temperature 
of the air leaving coils of given area can be read 

In order to compute the area of dry surface in a coun 


f Equation 17, the 


value 0 f 


terflow coil by means ¢ 











the temperature of the refrigerant at the boundary line, 
must be known (see Fig. 12). The value of tx» can be 
computed by means of the following equation which 
expresses the fact that the heat surrendered by the air 
flowing past the dry surface is equal to the heat added 
to the water flowing through the dry portion of the coil. 


Ge (4; — te) = G’c’ (tra — tas) 


The value of fg, is found by first computing the total 
heat lost by the air in cooling from the initial to the 
assumed final wet bulb temperature. The value of fx, 
can then be computed because all of the heat lost by the 
air is transferred to the water. 

In computing the final dry bulb temperature of the air 
leaving the wetted portion of the coil with dry surface, 
the initial condition of the air entering the wetted portion 
of the coil is, of course, the condition of the air at the 
boundary. 

When dry surface occurs on a counterflow coil and the 
value of both (Ge/G’e’) and (Ga/G’c’) is less than one, 
the curves representing the enthalpy of the air and water 
will appear as in Fig. 12. However, if (Ga/G’c’) is 
greater than one and (Ge/G’c’) is less than one, these 
curves will appear as in Fig. 13. 

A set of refrigerant temperature 
psychrometric chart, similar to those of Fig. 7, 
of value in determining whether or not there will be dry 
In this case the curves 


curves on the 


is also 


surface on a counterflow coil. 
of refrigerant temperature represent the final tempera- 
ture of the water or brine as shown in Fig. 14. The 
points for these curves are also computed by using 
Equation 13, except that for counterflow coils the values 
of Dy, and of D” are found by means of Equations 26 
and 28 using the final refrigerant temperature. 

Equation 13 can be used in this way to determine the 
highest initial dry bulb temperature that the air may 
have if the boundary line is to occur at the very edge 
of the air inlet to the coil—that is, wetting of the coil 
just commences at the point where the air enters the 
coil and the refrigerant leaves. 

If the initial condition of the air is represented by a 
point to the left of the curve for the given final tempera- 
ture of the refrigerant, there will be no dry surface. On 
the other hand, if the initial condition is represented by 
a point to the right of the final temperature curve, part 
of the surface will be dry. Although curves like those 
of Fig. 14 can be used to determine whether or not there 
will be dry surface, they cannot be used to determine the 
boundary dry bulb temperature of a counterflow coil. 
The temperature of the water increases as it flows 
through the coil; hence the temperature of the water at 
the boundary is lower than at the outlet of the coil. For 
this reason, the boundary dry bulb can be computed only 
by means of Equation 25. 

Once the boundary dry bulb temperature has been 
computed by [25], the temperature of the refrigerant at 
the boundary can be read from curves like those of Fig. 
14, instead of computing it by Equation 30. For exam- 
ple, if the final temperature of the refrigerant is 50 deg, 
and the initial condition of the air is represented by 
point “1” of Fig. 14, part of the surface will be dry. If 
the refrigerant temperature were constant at 50 deg as 
in a direct expansion coil, the boundary condition would 
be represented by point “2.” However, inasmuch as the 
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refrigerant temperature is changing, the boundary dry 
bulb is computed by means of Equation 25 and located 
on Fig. 14 at point B. The temperature of the refrig- 
erant at the boundary, that is the value of fgs, can then 
be read from the curve of refrigerant temperature pass- 
ing through point B. 

A set of curves like those of Fig. 14 is also useful for 
determining the highest permissible water temperature if 
the possibility of dry surface is to be avoided on a 
counterflow coil. For example, if dry surface is to be 
avoided when the initial condition of the air is repre- 
sented by point “1,” the highest permissible final water 
temperature would be read from the curve passing 
through point “1.” 


Surface Temperatures in Counterflow Coils 


As in the case of direct expansion coils, the condition 
curve for a counterflow coil can be drawn either by plot 
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Fig. 12 (above) —Diagrammatic illustration showing change in the 
temperature and enthalpy of the air as it flows over a counterflow 
coil that is partly dry. For this case (Ge/G’ec’) and (Ga/G'c’) 

are both less than one 







Fig. 13 (below)—Diagrammatie illustration showing change in 
the temperature and enthalpy of the air as it flows over a coun- 
terflow coil that is partly dry. For this case (Ge/G’c’) is less 

than one whereas (Ga/G’c’) is greater than one 


Heatinc, Prernc anp Ar Conprrioninc, January, 1939 








Fig. 14—Diagrammatic : 
illustration of curves 
on psychrometric chart 
for determining 
whether there will be 
any dry surface on a 
counterflow coil. Un- 
like the similar curves 
for direct expansion 
coils, these curves can- 
not be used to deter- 
mine the boundary 
dry bulb temperature 
















DAY BULA TEMPERATURE 


ting the computed final dry and wet bulb temperatures, 
or by determining the surface temperatures by means of 
Fig. 3. 

In order to determine the surface temperatures of a 
counterflow coil for various wet bulb temperatures, the 
temperature of the refrigerant corresponding to cach of 
the wet bulb temperatures must be known. Although 
they can be computed, the need for doing so can be 
avoided by drawing a line such as “1-2” of Fig. 15 
Point “1” is located at the intersection of the initial wet 
bulb temperature of the air and the final refrigerant tem 
perature. Point “2” is located at the intersection of th 
final wet bulb temperature of the air and the initial tem 
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perature of the refrigerant. Any point on the line “1-2 


vives the temperature of the refrigerant for any wet bull 
surface 


temperature. To find the temperature cot 














responding to the wet bulb temperature through point 


found n 


*3,”’ draw the line “3-4” at an angle 6, which is 
lable 5 after first computing (cfe/Pf,) for the counter 
flow coil. Then read the corresponding surface tempera 


> 


ture at point “4.” By using the line “1 there is m 


need even to read the refrigerant corres 


bulb. This 


repeated at any number of points along line 


temperature 
operation can be 
1-2.” thus 


determining the surface temperatures corresponding to 


ponding to each wet 


different wet bulb temperatures of the air. To find th 
highest surface temperature on the coil, draw tl 
] 


( slanti .° 
whicl 


represents the 


line of Fig. 15 through point “1” 


highest wet bulb and refrigerant temperatures of the coil 

\fter the surface temperatures have been found a 
described in the preceding paragraph, the condition cury 
can be drawn for a counterflow coil in exactly the sam 


ly described for a direct exXpansio 


manner as previous 
coil. The 


eree closely 


condition curve obtained by t! method wall 
with the curve obtained by plotting 
computed final dry and wet bulb temperatures 

Table | were computed 


on the assumption that the difference between the highest 


Because the values of a@ in 


surface temperature and the initial refrigerant tempera 
ture will be less than approximately 20 deg, the temper: 
ture rise of the refrigerant must also be less than 
deg. Practically, this is no limitation because t 

1) + 


perature rise of the refrigerant while travelling throu 


the wetted portion of a counterflow coil is very rarel 


as large as 20 deg \ considerable part of the counter 


flow coil will usually be drv if the temperature rise of 
the refrigerant is as large as this There re, evel 
though the temperature rise of the refrigerant while 


travelling through the entire coil may be more than 20 


deg, the rise while travelling through only the wette 


part 1s usually considerably smaller 


| To he 


continued] 





Flour Mill Air Conditioning— 


[Concluded from pag 


Hills region it is probable that snow will be on the 


ground most of the winter when the sprays are not 


operation. Thus the cleanliness of the outside air entet 
] 


ing the mill is assured as closely as possible under th 
circumstances. 

The main fan delivers air to a duct distributing svs 
tem at the ceiling of the roll floor 


shown that the demand for cooling in summer is cen 


Experience has 


tered on the roll floor, and hence this and part of the 
second floor are the only parts of the mills served directly 
by supply ducts a little, 
of course, has free access to other parts of the mill through 


Conditioned air, warmed up 
gratings in the floors. This air is drawn up to the puri 
fiers by the steady suction of the purifier fans; part of 
it drops through to the packing floor by gravity, and 
in general diffuses fairly evenly throughout the oper 
ating part of the mill. Fifty per cent of the total air 
handled again enters that part of the milling machinery 
having suction apparatus; the other 50 per cent may 
go back to the air conditioning room through the returp 
opening, and the cycle of the air is complete. 
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Area and Weight of Ducts . . ~~... . ~ By Peter Franck® 


Hi graph reproduced here was prepared to facili- 

tate the determination of sheet metal duct surfaces 
and weights. From it may be read the weights of the 
various gages and the area for any length of run of a 
rectangular duct. 

The bottom scale represents the sum of the two sides 
of the duct and the oblique lines represent the length 
of run in feet. Going horizontally to the right from the 
intersection of the vertical and oblique lines, the weight 
for No. 26 gage is read on the first scale. The square 


for No. 26 gage—1 sq ft weighs 1 lb. The scales farther 
to the right give the weights of the duct rum for the 
heavier gages. 

By following the horizontal line corresponding to art 
area of 1 sq ft to its intersections with the various scales 
for the different gages, the weight of the metal per sq ft 
may be read; such as 1 lb per sq ft for No. 26 gage, 1.3 
Ib per sq ft for No. 24 gage, ete. 

Since all the scales are logarithmic, multiples of 10 


































































































































































































































































































feet of surface may also be read on this scale, since— may be used on any scale, provided this is taken into 
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elding Carbon-Moly Pipe at Delray 


Stress Relief 


Preventing Air Hardening . .. Need for Preheating 


ARBON - 
DENUM 
ing used for the 865 lb, 


MOLYB 


steel 





be 


is 


910 F steam piping in the ex 
tension of the Delray Station 


material which 


(Fig. 1) of The Detroit Edi- ture range of 850 to 950 F. Carbon-moly steel In Detroit Edis 
son Co. described in HEATING, is being used for the 865 Ib, 910 F steam piping — vers Creck rebuilding 
PIPING AND AiR CONDITION- in the extension of Detroit Edison’s Delray which immediate 
inG for January, 1938.'. As Station; consequently, it is possible to report the Delray extes 
mentioned there, this steel is on the Company's experience in welding this killed, medium « 
of the % per cent molybde piping material to supplement available data. pipe purchased t 
num, 0.10 to 0.20 per cent tee Advantage of the opportunity is taken in Specification A106 
carbon variety covered by this and succeeding articles to describe also new plemx ntar\ require 
ASTM Specification A206 welding practices and construction details jiungber of test 
i oid hes been seneraihy adopted during the course of this piping project ample for steai 
adopted for recent central sta- ” i ; : 650 Ib and 850 | 
ae aed ‘fedieeteial projects Fig. 1—Delray plant during construction of extension se Cima 
having superheat temperatures welded jommts 
of 850 to 950 F. Carbon-moly sure piping, wit 
steel possesses three advan ment of a compre 
tages which account for its tice mM elding 
popularity in this temperature which provide 
range: (a) creep strength at of experience 
850 to 950 F comparable with the technique uw 
plain carbon steel at 750 to ing at Delra As se 
850 F; (b) among alloy steels previous articles 
a weldability approaching that features of ( 
of carbon steel; (c) relatively welding were: qu 
small alloying content with erators through ri 
correspondingly low price for an alloy steel (approxi using the arcronograph for quality control 
mately two to three times that of plain carbon steel on metal from coated electrodes in numerous 
a per pound basis). Unfortunately, however, little if any caretully cleaned and chipped; stress relies 
advantage can be claimed for carbon-moly steel in most electric induction heater affording close tempera 
media at temperatures up to 950 F, on the score of re trol; taking advantage of the possibilities of weld 
sistance to corrosion, which is reported to about equal cation through originating novel details not feas 
that of carbon steel. older types of construction. While valves of 
Although Detroit Edison’s brief experience in the use chromium-molybdenum steel and = carbor 
of carbon-molybdenum pipe is not wholly novel, never steel were welded into the lines, the attachme 
theless an account of what has been done at Delray will with a mild steel electrode to plain carbon steel 
supplement and amplify the limited information which there were few, if any, instances where one all 
has been published to date about welding this new pipe part was directly jomed to another by weldi 
material. At the same time advantage will be taken of favorable situation alleviated any tendency 
the opportunity to describe new welding practices and constituents to cause trouble through air hard 
construction details adopted during the course of this welding, since metal trom the rod tended 1 
job. A section of the carbon-moly main steam header alloy content of the fusion zone to a point wv 
of the Delray extension is shown in Fig. 2 as it appeared hardening was negligible. 
Bs gg Sle yim Pi nen gallate Preventing Air Hardening 
Be i oe Oe 7 ane nS 
ING, ieee AND Alp Deannenen me January, 1938 \t Delray, however, where it OCALTN ta 
am Geneinstien of Welds Made Under Pisid Conditions txt Hig weld pipe-to-pipe joints of carbon-moly and pipe 


Pressure, High Temperature Steam Station Piping,” White, D. H 


Corey and C, I Clark, Journal, American Welding Society, Septem! 
1934. 

*“Welding High Pressure, High Temperature Steam Piping,” by Sabin 
Crocker, Heatinc, Piping anp Ark ConpitioninG, February and March, 
1935 

e“*Welded Fabrication of Manifolds and Special Fittings for Piping.” 
by Sabin Crocker, Heatinc, Preinc ann Arr Conpitiont nc, January, 1937 
_™*Modernizing the Conners Creek Power Plant,” by Sabin Crocker, 
Combustion, March and April, 1936. : 

*e“Are Welded Piping in Central Station Steam Plants,” by C. | 
Hirshfeld and D Corey, Advance Paper, Society of Naval Architects 
and Marine Engineers, 1936 

**“Grading Welders,” by D. H. Corey, Power, July, 1938. 
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By Sabin Crocker’ | 


] hed. 


But limited information has been published on — | 
the welding of carbon-molybdenum pipe — a 


possesses 





.. Preheating Procedure 





several advantages 


which make it popular for use in the tempera- 


jomts of carbon-moly to 
a rod having molybdenum in 1 
had to be ack 

’ 


ening of the fusion zone during 


given to 


erore 


nickel-cl 


‘ 
t 


Ss coatin 


cooling 


1hdC1 


ypting means tor avoiding 


lo hye 


of course, 1t Was necessary to train and quality 


in the use of carbon-moly 


members of the sort indicated. 


electrodes for 


Fortunate 
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Past Welding Practice 











| 
: 
| 
; 


great problem since competent personnel were available 
who quickly adapted themselves to the slight change in 
application required. Fig. 3 shows an operator welding 
carbon-moly pipe to a nickel-chrome-molybdenum valve 
with an electric resistance preheater in use. 

The factors tending to produce air hardening or brit- 
tleness in a weld are, first, the presence of a sufficient 
amount of carbon or alloying element to impart harden- 
ability to the steel; and second, too rapid a rate of solidi- 
fication and cooling. The measures taken to combat ex- 





Fig. 2—Carbon-moly main steam header 

before heat insulation was applied. For 

line diagram of steam piping see Fig. 3 
of Footnote | 


cessive hardening in welding a low alloy steel such as 
carbon-moly are: (a) for a given alloy composition keep 
the carbon content as low as is compatible with obtaining 
adequate strength, preferably below 0.20 per cent and in 
all cases below 0.35 per cent; (b) preheat the parts be- 
ing joined in and adjacent to the fusion zone in order 
to delay cooling through the critical region, thus obtain 
ing decreased hardness with greater ductility. 


Need for Preheating 


Some question exists as to the need for preheating 
a ¥% per cent molybdenum steel where the carbon con 
tent is below 0.20 per cent, as is the case with pipe 
bought to ASTM Specification A206. The carbon 
content of carbon-moly or nickel-chrome-moly cast or 
forged steel valve bodies or welding flanges, however, 
is of the order of 0.25 to 0.35 per cent, which calls for 
greater care in the case of welds involving these mem- 
bers. The committee report on “Low Alloy Steels” 
given in Chapter 25 of the American Welding Society's 
“Welding Handbook,” 1938, p. 492 has the following to 
say on the weldability of % per cent molybdenum steel : 

The ™% per cent molybdenum steels have excellent weldabil- 
ity provided the carbon content is low. No serious difficulties 
have been encountered in welding even heavy plate structures of 
this steel. A number of welded pressure vessels for oil refin- 
ery service and for superheater drums have been constructed to 
U-68 requirements (ASME Boiler Code). The steel has also 
been used for a considerable amount of welded power plant pip- 
ing for the steam lines from the boiler to the turbines. These 
lines generally involve cast valves of 4% per cent molybdenum 
steel but with carbon content as high as 0.30 per cent. This 
higher carbon content in the % per cent molybdenum valves 
necessitates preheating in welding to the valve. Preheating for 
carbon contents in excess of 0.15 per cent is generally recom- 
mended, the higher the carbon content the greater the preheating 


temperature employed. 


Little actual evidence exists to show what tangible 
benefits if any are derived from preheating carbon-moly 
steel having a carbon content less than 0.20 per cent 
with molybdenum around '% per cent. Microscopic ex 
amination of welds in 0.15 per cent carbon, 0.50 per 
cent molybdenum pipe made with and without prehea 
ing showed little superiority for welds in preheated pipe. 
The grain structure of the welds made without preheat 
ing was termed sorbitic while the welds which were 
preheated were classed as pearlitic. Both structures were 
considered to be entirely acceptable. Hardness surveys 
of sections of single bead deposits on carbon-moly 
showed somewhat lower hardness values for the pre 
heated specimen. Hardness traverses of a weld in 1% 
in. wall carbon-moly pipe showed much higher values 
in the first bead deposited without preheat than in the 
first bead of the preheated weld, but the hardness of 
subsequent beads was not significantly different. Maxi 
mum hardness in the preheated weld occurred in the top 
bead and was equal to the hardness found in the bot 
tom bead of the unpreheated weld. 

Nevertheless, it is generally conceded that preheating 
is more essential with higher alloy steels, or where the 
carbon content is over 0.20 per cent in carbon-moly steel, 
or over 0.35 per cent in plain carbon steel. For instance 
The Detroit Edison Co. had an experience which defi 
nitely confirmed this opinion when the end of a small 
socket welding valve snapped off just back of the fusion 
zone while the final bead was being chipped and cleaned. 
Subsequent investigation disclosed that the valve was 
not cast carbon-moly steel as had been supposed, but 
that the manufacturer by mistake had supplied a cast 
chrome-manganese-moly body intended for flanged con 


Review of literature on “Welding Molybdenum Steels,” by W. Sopra 
ragen and G. E. Claussen, supplement to the Journal, American Welding 
Society, November, 1938, p. 15 


Fig. 3—Operator welding carbon-moly pipe to a 10 in. nickel- 
chrome-molybdenum valve with an electric resistance preheater 
in use 
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struction which had definite air hardening tendencies. 

It is interesting to note that tests reported by K. W. 
Clark* indicate that preheating tends to obviate some ot 
the locked in stresses which otherwise need to be relaxed 
through stress relief. From these tests Mr. Clark drew 
the inference that stress relief is not quite so necessary 
where preheat is employed, although some benefit is still 
derived therefrom, 


Procedure in Preheating 


As in the case of most new developments, considerabk 
difference of opinion has arisen about what constitutes 
adequate procedure for preheating carbon-in« ily, as well 
as under what circumstances it needs to be preheated at 
all. The conservative tendency has been to play safe at 
the outset by taking more precautions than eventually 
may turn out to have been necessary. One moot ques 
tion involves whether preheat is needed only while weld 
metal is being deposited, or whether temperature should 
be maintained from start to finish of the weld and sus 


tained until stress relieving is accomplished. Advocates 


of the first-mentioned, and easier, school of thought are 


content to shut off preheat and discontinue work over 
night or week ends in case a weld requires more than 
one working day, while some of those who favor the 
“hard way” even go so far as to require the operator 
or operators to weld continuously without shutdown until 
the joint is completed. 

Not wishing to establish welding procedure more dif 
ficult than necessary, the Company’s engineers made ex 
tensive inquiries as to the experience of others in pre 
heating carbon-moly welds, seeking particularly to find 
out what evidence existed that a definite advantage re 
sulted from preheating and/or welding continuously 
from start to finish of each joint. No definite proof was 
forthcoming that any actual benefit was derived from 
doing the job the hard way, while several convincing 
demonstrations were offered that preheat only during 
actual welding was sufficient, and that both welding and 
preheat could be interrupted without damage after the 
first four or five beads were laid in a joint. 
the following procedure for preheating and stress relie\ 


\ccordingl\ 


ing has been followed for the first unit of the Delray 
extension : 

(a) The ends of the parts to be joined by butt welding are pre- 
heated uniformly to a temperature of 400 to 600 F with an elec- 
tric resistance heater before welding is begun. 

(b) A metal temperature of 400 to 600 F is maintained while 
weld metal is being deposited or successive layers cleaned and 
chipped, an electric resistance heater being employed so that 
heat can be applied at the same time electric arc welding is go 
ing on. 

(c) In the case of large welds which cannot be finished in on 
shift, at least five layers are deposited before preheating is in 
terrupted. After welding has progressed this far, preheat may 
be cut off during the night or over the week end provided the 
temperature is brought back to 400 to 600 F before resuming 
welding. 

(d) Following completion, each butt weld is annealed as soon 
as convenient with an electric induction stress reliever, except 
that built up manifolds or large branch connection (fish mouth ) 
welds made in the shop are taken out to a heat treatment furnace 
Stress relieving of carbon-moly is carried on at a temperature of 


*“Welded Joints in Carbon-Molybdenum Piping,” by R. W. Clark, Herat 


1N>, Piptnc anp Atr Conprtiontnc, November and December, 1938 
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1200 F, plus or minus 25 F, for a period ot two hours pet 


of thickness of the material. 

(e) Fillet welds used with pipe sizes 2 in. and smaller ar 
heated and stress relieved with a fuel fired torc! Tr} 
socket welded line joints as well as the attachment of smal 
and instrument lines to large pipes or manifolds (se« 
Present practice is to fillet weld the nipples for 
tions to alloy steel valve bodies betor« they are heat 


effecting stress relief of the weld at the same time 
Resistance Preheater Used 


Fig. 4 is a photograph of electric resistance preheatu 
} ; } 


aASDeESTOS HMAnNKeLS 


equipment used at Delray, with the 
removed to show the heating elements Phe resistance 
type is used for preheating in preference to an inductior 
heater on account of the unfortunate disturbance of thy 
welding are set wW 
by the magnet 
held of the latter 
and when the p 
heater is in use 
while metal is be 
ing deposited \l 
though it is. tru 
that some concerns 
have successiully 
employed induction 


heating for this 
purpose throug! 
shutting off the 
preheate whils 


welding was unde 





way and then turn 

Fig. 4—Electric resistance preheater ing it on 

in place on 10 in. pipe-to-valve joint, 

with asbestos blanket removed to 
show heating elements 


again 
while successive 
heads were being 

cleaned, the results 
thus obtained fall short of what can be accomplished with 
a resistance heater. The chief objection is that residual 
heat plus what ts developed by one are in welding ts 
not sufficient on large pipes to hold the temperature 
within bounds while a bead is being completed and it 
hecomes necessary to have two welders operate simul 
taneously to secure the requisite heat input. Two op 
erators working on the same joint means numerous in 
terferences, plus the added complication of divided re 


sponsibility for the work 
Stress Relief with Induction Heater 


The electric induction heater developed by Detroit 
Edison in 1933 for stress relieving welded pipe joints 
during rebuilding of the Conners Creek plant*® proved so 
satisfactory that its use on high pressure joints at Delray 
was a foregone conclusion. <A composite photograph 
showing the essential parts of this device and its appear 
ance in use on a 10 in. valve built to the American Stand 
ard for 900 Ib SSP is shown in Fig. 5, 
circuit for the device is shown schematically in Fig. 6 


The electrical 


In addition to the tap changing adjustments on the pri 
mary and secondary coils of the transformer, full auto 
matic temperature regulation is obtained through a con 

trol circuit which actuates a magnetic contactor in r 

sponse to the indications of a thermocouple attached to 
the weld. 
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Company instructions call for stress relieving carbon 
moly welds at a temperature of 1200 F, plus or minus 
25 F, for a period of two hours per inch of wall thick- 
ness. This differs from the practice for preheating car 
hon steel at both Conners Creek and Delray where in 
structions call for holding a temperature of 1100 to 1200 
F for one hour per inch of wall thickness. Slow cooling 
with the insulating jacket in place is considered desir 
able until the temperature falls below 600 F, when the 
jacket can be removed and the joint allowed to cool in 
still air. Holding full temperature throughout a band 
having an overall width about twice that of the weld is 
believed to be sufficient, since this embraces metal which 
may be benefited by the drawing temperature and which 
has the highest locked in stresses. Restricting the width 


of the band heated to full stress relief temperature is 


Fig. 6—Schematic diagram for electrical circuit of induc- 
tion stress reliever 








Fig. 5—Electric induction stress reliever. 
(a) Induciion heating collar in place on 
10 in. valve. (b) Collar removed for dis- 
play. This collar is the primary winding 
of the induction heater in which the pipe 
joint serves as an electrical secondary short 
circuited on itself. (c) Portable mounting 
for power transformer and automatic control 
equipment 


advantageous in that it avoids severe heating of the valve 
body in the case of pipe-to-valve joints, thus precluding 
warping the valve mechanism through excessive tem 
perature. Typical temperature gradients across the 
heated band and minute to minute temperature varia 
tions at the control thermocouple are shown graphically 


in Fig. 7. The 
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served in stress relieving a weld in 10 in. 
diameter 0.718 in. wall (Schedule 100) carbon- 
moly pipe. (a) Tem»erature gradient alen« 
pipe and across weld. (hb) Weld temper>- 
[A second arti- ture vs. time chart while bringing joint u» 
cle will appear to temperature, soaking, and subsequent 
next month] cooling 


tends to be 
still less. 
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Heating and Cooling Engineer 
Talks About Some Troubles 


NYONE can tell about the virtues of some par- 
ticular plant. I was asked to describe a large 
heating and cooling system which was operated 
through one winter and one summer. It has made no 
serious complaint and has been paid for. However, it 
seems more interesting to me to tell about this plant in 
the light of what about it I would do differently were I 
to repeat the performance. 
The plant has an ex- 
haust fan for every supply 
fan and their functions are 
interlocked. In designing 
it, I knew enough to ar- 
range for adequate zoning 
so that both in winter and 
in summer the heat input 
and output could follow 
the progress of the build- 
ing against the sun. I knew 
enough to allow for con- 





By Samuel R. Lewis* 


Anyone can tell about the virtues of some particular 
plant, but Mr. Lewis describes here troubles with ter, but 
various installations and explains what he would do 
differently now in the light of these experiences. . . . 
His article is an unusually frank and informative dis- 
cussion of many of the practical matters involved in 
the design, installation, operation and maintenance of 
heating and cooling systems 


retention of water and subsequent freezing might not 
have occurred with leaky outside air intake dampers and 
a steam heated convector, because | have had just this 
happen. 

In another plant where water cooled fin convectors 
were installed, I thought I would be economical and 
smart if [ employed the same convectors the vear around, 
using cold well water in 


summer and recirculated 





heated water in- winter 
No trouble ensued in win 
unfortunately in 
summer the anticipated 
occupancy and heat load 
from process eventually 
to be anticipated, was lack 
ing in 1938. As a result, 
though the 


dampers, expected in sum 


even bypass 


mer to reheat and dilute 





trol of heat input and out- 

put to compensate for variations in occupancy of the 
many different rooms and for variations in heat recep- 
tion from manufacturing processes. | knew enough to 
arrange for use of less convector area in winter than 
in summer, due to the higher transfer rate because of 
greater temperature differences. 

I did not know enough to fight for more clearances 
around the convector units so that doors, easily opened 
by latches and swinging on hinges, would permit easy 
access for maintenance. Instead, I designed a plant in 
which, to get at the convectors for cleaning or to change 
air filters, one must remove a lot of screws, build a 
scaffold, and lift down from overhead a heavily insu- 
lated steel plate bottom. 

I failed to appreciate that in a big system which uses 
water the year around, a sweated copper joint in a large 
sized main, which leaks, cannot be repaired without 
draining the entire system, involving many hours and 
the loss of hundreds of gallons of water. It is true that 
a similar leak in screwed or welded iron or steel might 
have required equal drainage for an adequate repair, 
but there are some chances of caulking or banding such 
a leak, which chances are denied with copper. It is 
always wise to install many valves on such mains so that 
leaks can be isolated. 

I learned, in another large installation, that a finned 
copper convector with its small horizontal tubes will 
not drain itself so dry but that enough water may be 
retained by capillary or some other action to freeze and 
burst the tube. We learned to blow out the water with 
high pressure compressed air, but even then one can- 
not be sure but that some water remains. The answer 
here seems to be to employ an antifreeze solution, and 
to keep the pump going. I do not say that the same 


*Consulting Engineer. Member of Board of Consulting and Contributing 
Editors. : » 
An address presented at the November, 1938, meeting of the Illinois 


Chapter of the American Society of Heating and Ventilating Engineers. 
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the cool, damp air emerg 
ing from the convectors, were open wide, the rooms wert 
too cold it we chilled the convectors enough to bring 
the air below its dew point temperature. A measure of 
success was achieved by reducing greatly the volume of 
air delivered, an unusual prescription in a cooling sys 
tem, but were I to redesign that plant there would be a 
separate steam or hot water reheater between every cool 
ing convector and every room served by that convector 
(It may be that 1938 was unique in having rather high 
general outdoor relative humidity and many 
comparatively cool dry bulb temperature. ) 


days Ol 


Corrosion of Condensers 


In another plant (which fortunately has none of the 
foregoing troubles) which has reheaters to leeward of 
its cooling coils, with cold water pretempering and direct 
expansion recoolers, with every conceivable human con 
tingency well forefended, an entirely new difficulty has 
There is a deep well of 500 gpm capacity 


emerged. é 
supplying water at 53 


scheme is to send this water to meet the entering air 


55 deg. The basically intelligent 
and to cool it as far as possible, followed by the sharp 
dehumidifying cooling of the evaporators from a “Freon” 
refrigerating system. 

It seemed clever to employ the water from the well, 
following its use in absorbing the first heat from the 
air, to condense the refrigerant gas in conventional finned 
copper self-contained condensers. The plant was in 
stalled in 1936 for about half of the large building and 
all was so satisfactory that the balance of the building 
was given complete air conditioning ready for 1938 sum 
This involved adding 100 tons more re- 
After less than 60 days’ operation 


mer service. 
frigeration capacity. 
the condensers of the new “Freon” 
up the ghost, the entire refrigerant charge was lost, and 
the refrigerant system was flooded with water. This 


compressor pave 


tr 
aa 








| 
| 
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flooding, of course, was a major calamity, involving 
weeks of draining and evacuating to get rid of the mois- 
ture from inside the piping and convectors. The well 
water has proved to be thoroughly polluted with hydro- 
gen sulphide. 

Why the 1936 condensers, sworn duplicates of the 
1938 condensers in material and thickness but which 
gave way so quickly, have not gone, is somewhat a 
mystery. There is disagreement among metallurgists as 
to whether any metal short of monel will withstand for 
long the combination of hydrogen sulphide water and 
an increase, however small, in temperature. Of course, 
the condenser water was never what one could call hot, 
and during more than half of the 
time the condenser which gave way 
was not exchanging any heat at all. (gl | 

The saving in this case by using 
the large quantity of cool water is 
too great to abandon the use of the 
well. The answer may be to install 
an evaporative condenser, and to 
employ city water for making up 
evaporation—thus cunning 
contact between the refrigerant sys- «yyy the 1936 con- 
tem and the well water, but con- = densers have not gone 

is a mystery. 
anuing the use of the latter in the SD 
tempering convectors, where it ac- 
complishes something like 200 tons of refrigeration. If 
these tempering coils eventually are destroyed they can 
be replaced, and the cost of replacement every few years 
will be justified. There will be no water in the refrig- 
crating system even if they do leak. It may be that with 
the relatively mild heat present in this service the de- 
struction of the metal will be very slow. 

This experience recalls a practice said to have been 
adopted by one large chain store system which purchases 
scores of automatic condensing units; they refuse to ac- 
cept the conventional welded-in, highly efficient—but de- 
cidedly inaccessible—condensers, and require in lieu 
thereof detached shell and tube condensers of much 









s 


gicater size and cost. 

In the case I have described, since the owner had pur- 
chased new condensers before I was called in, we have 
decided in favor of a steel tube heat transfer device, 
somewhat after the order of a water heater, and will 
circulate the sweet condenser water through the tubes, 
with the sulphide water around them. Such a heater 
can be opened easily and inspected at the end of every 
cooling season and the occasional retubing will not be 
too costly. The chances of getting water in the refrig- 
eration system will be greatly reduced. A big evapora- 
tive condenser, necessarily in this case placed on the 
roof and exposed to smoke and the elements, is itself not 
exactly a permanent investment. 


Increased Occupancy of Store Basement 


Another complete air conditioning plant had an ade- 
quate ventilating and cooling system serving a basement, 
first and second stories of a department store. Every 
human contingency that I could think of was taken into 
account. The differential control of the first and second 
stories was met by having about half of the heat removal 
on each cared for by local recirculating, cooling and de- 
humidifying machines. The basement, only about half 
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of which was in use, received no solar heat and by all 
calculations should be satisfied with air at the same 
temperature and adjustable volume as that for the first 
story, coming from the central ventilating plant. This 
proved true for the first summer only, atter which the 
owner, finding the basement so comfortable and attrac- 
tive, proceeded to more than double the illumination, to 
increase greatly the basement selling floor area, and to 
attract many more people to the basement. As a re- 
sult, when the entering air was cooled sufficiently to 
serve the basement, as was possible, the first story 
became too cool, even while the auxiliary recirculating 
units, intended to balance the presumably greater cool- 
ing demand of the first story, were shut down. It was 
not practicable to achieve temperature control by reduc- 
ing and adjusting continually the volume of air going 
to the first story. 

There were so many days and evenings during 1938 
when no cooling whatever was needed for this store ex- 
cept in the basement, that we are now installing an en- 
tirely separate basement system. I could just about as 
well have done this in the beginning. I| pray that I may 
never again fail to do so in a similar case. 

Had I used the same common sense | really had at 
the time of the original design (because I did use it on 
contemporary plants) I would have made arrangements 
permitting delivery of air at any reasonable range warmer 
or cooler than the average, to any room or story or de- 
partment regardless of the temperature of the air being 
sent at that time to other departments. 

In another air conditioned store, happily not designed 
by myself, complaint was made to me that while they 
could get cool, the place smelled. Upon investigation | 
found indeed that it did smell. The plans indicated an 
adequate outside air intake and adequate convectors for 
cooling and dehumidifying a mixture of at least one-third 
outside air with two-thirds recirculated air. However, 
while the plans showed an adequate exhaust fan, it had 
never been installed. 

Both side walls were party walls without any win 
dows. The front end of the store had one double door 
with automatic closers and no windows. The back of 
the store had one door, necessarily kept locked, and no 
windows in communication with the air conditioned 
spaces. Even though the outside air intake dampers 
were opened wide, no measurable amount of new air 
would enter, because the building already was full of 
air which could not escape. Needless to say, we com 
pelled the installation of the exhaust system. 


Difficulties in Handling Air 


Many years ago I installed an air washer (using re- 
frigerated water) to cool a building which had an exist- 
ing ventilating system of about 100,000 cfm capacity 
which was situated in the basement without any means 
of recirculating the air. The spent air in this old plant 
entered vent flues which opened into the attic above the 
fifth story, from which the air in winter escaped ade- 
quately through a number of roof ventilators. After in- 
stalling the cooling apparatus, I visited the attic on a 
hot summer day and was surprised to observe that, 
whereas in winter a gale of smelly air escaped through 
the roof ventilators, no air was departing through them 
during the cooling season. Evidently the supply fan 
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was unable to force the much heavier cool air up and 
out of the building into the very hot expanded outdoor 
atmosphere, and | understood why, as each successive 
story above the first one was examined, the cooling was 
less and less effective. 

We took steps, of course, as soon as possible to install 
exhaust fans in the attic and to build an adequate return 
air shaft from them back to the basement. 

I have observed that those cooling plants which have 
the fans and cooling surfaces above the spaces which 
are to be cooled seem to get along better than those which 
have the cooling convectors and fans below the spaces 
to be cooled, and that it is far easier to blow warmed air 
down to the occupied spaces in winter than to blow 
cool air up to them in summer. 

These observations and experiences led to an ambi- 
tion in my office always to install an exhaust fan in 
cooperation with a supply fan on every cooling system, 
and to arrange interlocked dampers which will keep a 
definite relation between area of outside air intake, out- 
board exhaust and recirculation. They lead also to my 
advocacy of outside air intakes, free area through filters, 
convectors, ducts, etc., and outboard exhaust all capable 
of passing 100 per cent outside air. There are many 
days when the outside air condition is adequate to per 
mit ventilation and comfort without any refrigeration, 
if only the plant is designed to take full advantage of 
the outside air. In a regrettable number of plants, be 
cause of failure to design for 100 per cent outside air, 
large power bills for refrigeration are incurred unnec- 
essarily. 

I designed a large general office 


cooling system in 1929. There were " BASEMENT | 
several private offices around the 5 
edges occupied by elderly exec- 


utives. The central floor areas were 
crowded with employees, and elec- 
tric lights were used all day long. 
| knew no better at that time than 
to supply the private offices from 





the ends of the concealed ducts ‘Finding the basement 
: ‘ . so comfortable and 
which served the general spaces, ‘iia? tie eines 
proceeded to attract 


and attempted to control the sum- 
mer temperature in the private of- 
fices by throttling the air volume. 
Were | to design this plant today every private office 
would have a duct reheater under control of a room ther- 
By 1938, some of the occupants of the private 


man more peopl 


, 


mostat. 
offices were nine years more sensitive to drafts and asked 
me to do something about it. Duct reheaters could not 
be installed without tearing down the ceilings to get at 
the ducts, and the nuisance and cost would have been 
prohibitive. A few electric strip heaters placed behind the 
air inlet diffusers to the individual private offices and 
accessible through the diffusers solved this case ad- 
mirably. On very hot days, when the entering air may 
be at 60 F or even cooler to care for the general offices, 
the strip reheaters go into action and add from 10 to 
15 deg to the air temperature, and my old friends are 
happy. 


Use of Forced Circulation Hot Water 


Frequently I am called to diagnose and prescribe for 
ancient vapor heating systems in residences. The traps 
have been neglected, the alternating receivers or other 
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apphances have worn out, and the air eliminators no 
longer eliminate, or if they do eliminate they also r 
gurgitate. In many cases repairs for the obsolete equiy 
ment cannot be obtained. | approached a radical cur 
lor the first one, some time ago, with trepidation, but 
now | tackle almost any one of them with confidence, 
and convert them to forced circulation hot water. In 
most cases no changes at all in the piping are necessary 
Sometimes the old trap bodies can remain, with th 
interior mechanisms discarded and the valve seats ré 
moved or reamed larger. 

It is comparatively Casy to remove the steam trim 
mings and te install an expansion tank and automatic 
refill device with an electric water circulating pump 
This converted system seems to give universal satisfac 
tion. Perhaps it may not be so very much better than 
was the original vapor system when the latter was new, 
but it certainly is a far better heating plant than the 
limping, neglected vapor system. 

1 even had nerve enough to convert a 32 apartment 
four story steam system to forced circulation hot water, 
and have had a year’s happy experience with its opet 


ation. This plant has a curious history. Originally it 
was a two pipe thermally circulating hot water system, 
with supply mains and an enormous expansion tank in 
the attic, 


nearly a block from the other end and the plant evi 


The boiler was at one end of the building 
dently was sluggish in circulation. The apartments most 
distant from the boiler always were cold. From th 
mute evidence of its physical condition the original plant 
was very poorly designed and installed. After some 
vears of unhappy experience the owner was advised by 
some unknown party to make a gravity steam job out 
of it. He installed hundreds of air valves and endured 
for many years the continual snapping and pounding, 
leaks and repairs inherent to a poorly installed and 
graded steam system. I found three old electric con 
densation pumps which had been installed and aban 
doned at various times in attempts by successive owners 
and contractors to correct the difficulties 

We installed a simple centrifugal water circulating 
pump, a large pneumatic expansion tank and made a 
very few changes in the basement mains. The return 
mains, long used for condensate which trickled along 
their bottoms, were channeled in some places as though 
the liquid they carried was strong acid. There were 
hardly any radiator valves which could be closed o1 
opened, and all were minus the original handles. How 
ever, this plant, as a forced hot water system, is emi 
nently satisfactory; it heats evenly and quietly and prob 
ably will last many years. 


Secondary Air Filters 


In a number of instances complaint is made of dust 
on walls and ceilings, which the owner thinks should 
have been prevented by the air cleaning devices, In sey 
eral year around installations the dust has been traced 
to a large extent, at least—to mud which accumulates 
on the dew-wetted summer cooling convectors, to lee 
ward of the air filters. These convectors or evaporators 
dry off in winter and the dried debris continually flakes 
off and re-enters the air stream. This is an argument 
for secondary air filters, which indeed are being installed 


on many recent plants. No doubt but that much dust 
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too fine to be caught by the primary air filters “con- 
censes” imto larger and very objectionable particles as 
it passes along the ducts. With multiple cell type filter 
installations the owners are too prone to change all of 
the cells in any given unit when they change any of 
them. This of course greatly changes the resistance, 
increases the air volume, and encourages the carrying 
on of any dust which may have accumulated to leeward 
of the filters. 


Miscellaneous Difficulties 


Valves and Dampers—Ilt is important that the auto- 
matic control valves on convectors which treat air from 
outside, and that the dampers which cut off the outside 
air, shall assume positive positions in case of failure of 
compressed air or electric energy. Very costly damage 
due to frozen convectors has been 
experienced due to closed supply 
vaives Or open dampers in emer- 
gencies of this type. Expansion 
and contraction of the ducts them- 
selves have been proved to prevent 
the automatic closing of many a vi- 
tally important damper. 

Antifreeze Mixtures—1 would 
welcome more knowledge concern- 
ing antifreeze mixtures and a reduc- 
tion in the cost of such compounds. — gr ar 
In one case a large piping system Se See 
which had been perfectly tight for — any refrigeration.” 
months with water, leaked badly 
and disastrously when a common automobile antifreeze 





‘There are many days 


solution was administered. 

Centrifugal refrigerating compressors have many ad- 
mirable characteristics, especially along the line of flexi- 
bility and high efficiency under widely fluctuating loads. 
\e need them in smaller sizes than the smallest now 
commercially available. 

Finned tube convectors, wonderfully efficient as they 
are, have, it seems to me, in the stress of competition, 
been made with such small tubes, thin metal and fragile 
construction as to be too “flashy” and too likely to freeze. 
Kather than undergo the troubles which | have met from 
the clogged tiny tubes, the inability to drain out the 
water, and the high peaks and deep valleys of heat trans- 
mission rate, I would spend more money and devote 
more space for less efficient surfaces of much thicker 
metal holding much more water or steam or refrigerant. 

Dampers—l am weary of looking through alleged 
tight dampers which show, against a light, crack leak- 
ages of relatively vast. proportions. Any one who has 
worked on a sub-zero day behind the alleged protection 
of such dampers requires additional manually operated 
real doors at all outside air intakes; these doors being 
closed against weatherstripped jambs and being some- 
what better than cobwebs for protection. 

Trapping—\ have just had an experience with a 
beautiful memorial theater finished in 1931. It is heated 
by high pressure steam from a central station. Fortu- 
nately, | was not the original designer. There are five 
separate steam supply circuits, each with a separate 
pressure reducing valve. The heat transmitters, which 
are radiators. thermally circulating enclosed convectors 
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and finned copper blast convectors, and the ends of all 
supply mains, have thermostatic traps. The five sepa- 
rae return systems join a header near the condensation 
meter. ‘Lhere are no float traps on the ends of the re- 
turn mains but all are dry, and the header is open to the 
aunosphere through a 1% in. stand pipe. Every heat 
lransnutter in the place has automatic temperature con- 
trol. It is, of course, impossible to adjust the five re- 
auemg vaives so that a uniform equal pressure on all of 
them 1s maintained, and the constant opening and closing 
of the diaphragm valves, changing the steam demand, 
would upset any attempt to maintain equal pressures in 
any event. I found the open vent discharging vapor and 
air, then sucking it in, in a constant breathing in and 
out, and I found some of the returns would be at sub- 
atmospheric pressure at the same time others were at 
pressures above atmospheric. Steam at 60 Ib pressure ts 
at about 306 deg temperature ; when reduced to 2 Ib pres- 
sure it will be superheated nearly 100 deg. 

The owners gave a history of constant replacement of 
steam and return pipes. ‘the public service company 
had paid for some of the replacement and had spent large 
sums of money analyzing the feedwater and the steam 
and the condensate all to no conclusion. Single pipe 
steam heating systems in the same city having ordinary 
air valves and float traps at the ends of the mains gave 
no trouble with corrosion. 

My impression is that had each of the five separate 
circuits been provided with a float trap at the end of the 
respective return, with a non-return air vent on each, 
excess air under high temperature in the presence of con- 
densate would have been so reduced as to cause no com- 
plaint about corrosion. Had there been a vacuum pump 
on the job, I think the re-entry of large quantities of 
air would have been prevented and that there would have 
been no trouble. Here there were significant factors in 
the superheat and in the wide pressure fluctuations in 
the returns due to complete automatic temperature regu- 
lation. 

Fans—Intelligent manufacturers of centrifugal pumps 
have recognized and published the fact that the inlet and 
outlet pipe connections have a profound effect on effi- 
ciency. We always try to obtain at least five diameters 
of straight pipe approaching an inlet or an outlet. The 
same reasoning applies to the approach and discharge 
of a centrifugal fan. I blush, in the light of this obvious 
iruth, when | think of the many short, abrupt fan con- 
nections of which I have been guilty. All double width, 
double inlet fan wheels should have rising pressure char- 
acteristics, as otherwise there will be competition between 
the two inlets, one or the other grabbing the load in suc- 
cession, with chaotic pressures and eddies and unneces- 
sary strain on the apparatus. 

Centrifugal pumps always have some means for caring 
for the thrust endways of the shaft. This thrust is pres- 
ent in no small extent in single inlet centrifugal fans. 
Usually it is met by a shaft collar, subject to haphazard 
lubrication and rapid wear. Thrust collars therefore 
ought to be enclosed and lubricated with as much care 
as is given to the main bearings. 

More attention should be given to fan selection with 
reference to electrical input. In a lamentable number of 
installations the motors are far oversize to care for load 
grabbing fans, with resultant inefficient load factor to be 
borne thereafter by the innocent owner. 
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From a Field Engineer’s Notebook 


Methods of supporting piping under various conditions that 
can't always be foreseen in time for the plans and must be 
determined after inspection of the situation in the field 


By Allen M. Perry* 


N PLANNING construction or modernization of 
industrial and power plants, it is frequently impos- 
sible to indicate how all of the piping shall be sup- 
ported due to various interferences which may arise. 
Frequently the type of supports must be determined by 
field engineers after inspecting the conditions. 
The accompanying sketches, which have been taken 
from field notebooks and drawings, indicate various 


*Formerly with M. H. Treadwell Co., General Contractor. 





CONDITION 
Between beams of same elevation 


Between beams of different elevations. . 


Near beam or platform 

Near strut 

Near column 

Interference above 

Several pipes in same plane 
Several pipes in different plan 
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Key to Finding Pipe Support for Various Conditions — 


ways in which different conditions were handled on a 
large modernization project. Their value is chiefly to ex 
pedite special designs that must be fabricated quickly in 
the field. Examination will indicate that standard beam 
and pipe clamps fit into many of them, and that simple 
combinations of structural shapes and the use of welding 
expedite construction and installation. 

In December, 17 sketches appeared, and additional 
ones are to be published in a future issue 
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Novel Scheme Employed for the 
Support of Heating Coil Units 








By H. E. Ziel* 


The only place available for installation of additional 
hot water heating coils, fans, motors, and filters at a 
one story automobile plant was the roof. As the roof 


trusses were already heavily loaded, the added loads 
were imposed directly on the building columns. . . . 
In one case, the load was placed eccentric from the 
center of the girder carrying the heating equipment, 
and the small upward force created by the eccentricity 
was delivered to the old truss. This actually decreased 
the original load on the truss, instead of adding to it 
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HE best location for installing heating, ventilating 
or air conditioning equipment in an existing build- 
ing is many times determined by a study of the 
structural details. A most unusual problem was solved 
in a simple manner at the Plymouth Motor Car Co 
plant in Detroit several years ago, when it was found 
necessary to supply 150,000 cfm to certain areas 
The particular building is one story in height wit! 
practically every square foot of floor space used for pro 
ductive work. The only place available for installing th 
filters 
was on the roof. The roof trusses were already 


required fans, motors, heaters and air 


heavily loaded with piping, conveyors, etc. The 
heating medium is hot water, heated by th 
exhaust system from drop hammers some 2000 
ft away. Part of the hot water is used through 
direct radiation to heat various areas in th 
building. To balance the 
distribution system, it was necessary to select 


existing hot wate 


heating coils that would be (1) satisfactory for 
hot water and (2) capable of allowing the re 
quired amount of hot water to pass throug! 


the coils at a minimum pressure drop 


Three 50,000 Cfm Units 


It was decided to divide the required capa 


ity into three 50,000 cfm units. Inasmuch as 
the roof trusses were already overloaded, it 
was planned to impose the loads directly onto 
the building columns, placing the equipment 
with their enclosing houses above the roof 

The columns of the original steel frame to 
gether with their foundations chanced to be 
strong enough to carry the additional fan house 
loads, but (as mentioned) the trusses and roo! 
beams could not handle the extra loads. As 
a consequence, it was decided to extend the 
columns supporting two of the fan houses above 
the top of the “A” frame and provide trusses 
and beams over the “A” 
equipment and housings. Because four columns 
were available this installation proved simpk 
(See Fig. 1). 

However, in the other case where the equip 
ment was situated in a narrow valley and only 


frame to carry th 


*Albert Kahn, Inc Architects and Engir 


eers 


Fig. 1 (above)—In the case of two of the heating 
coil and fan houses, four columns were extended 
above the top of the “A” frame, and trusses and beams 
were provided to carry the heating and ventilating 
equipment. . . . Fig. 2 (below)—In the other case. 
only two columns could be used, so the supporting 
beams were set athwart a girder and nearly balanced 
on it. The load was placed eccentric for stability. 
and the small upward force thus created was delivered 
to the roof truss, which decreased the original load 
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two columns could be utilized, a very unusual 
type of support was devised, as shown in Fig. 







































































, ¢ Equipment, -¢ Column 
2. The two columns were first extended up . 
through the old roof. To the column extensions TT @ 
a 30 in. girder was framed, Fig. 3, and beyond | TT 
the ends of this girder, angle brackets were | 
provided to extend the platform bevond the ! 7 
ends of the girder as required. I + + - 
poole 7 ais 
This done, seven 10 in. beams were set 
athwart the girder and nearly balanced on it, | _ 
. . - . L ee a 
the idea being to balance the fan and equip- T 
ment on the girder. However, to insure sta- L 
bility, the center of gravity of the fan, etc., load x ] Sr eS = 
: . : . ‘2 i’ 
was deliberately placed 12 in. eccentric from ee Bret 
the center of the girder, creating a small up- \ | | 
“ ; ° . ae. 4 ealiiiemenes - . 
ward tension at one end of the 10 in. beams. : 
This end of all the 10 in. beams was then at- SECTION 
tached to a 16 in. beam. The ends of the 16 in. 
beam, in turn, were secured to a vertical tie 
made of two angles, Fig. 4, the lower end of 
which was fastened to the old roof trusses Fig. 3—Detail of view shown in Fig. 2. A 30 in. 
girder was framed to the column extensions 
below. 
The load of fan and heater, located eccen- 
trically as already mentioned, was therefore supported truss 
entirely by the 30 in. girder and the small upward force rhis upward force, instead of adding 
created by the eccentricity was delivered to the old load, actually decreased it 
Fig. 4—Details of supporting structure for case shown in Fig. 2 
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What Did Air Conditioning Do 


in an “Off Year’? 


HE history of the volume of the air conditioning 
business in most communities has been one of con- 
tinual increase from year to year. Such has been 
the case in Chicago during the past six years—with the 
exception of 1935, which was not quite able to keep pace 
with the 1934 volume, stimulated as the latter was by 
the Century of Progress exposition. 

There is little question that 1938 was an “off year” 
for air conditioning just as it was for general business 
The Chicago horsepower in 1938 returned to the 1935 
level. Whereas formerly we have been analyzing mar- 
kets from an increase viewpoint, we may now. study 
the source and extent of decrease. We may also want 
to know what the air conditioning markets were that 
held up well in a poor business year. 

The overall decrease in Chicago air conditioning vol- 
ume (as measured in horsepower) for the first 11 
months of 1938 was approximately 60 per cent as com- 
pared with 1937. Recognizing that the 1938 business 
was typified by a good volume in the small, highly com- 
petitive retail stores and almost a complete absence of 
large office installations, we decided to attempt to find 
a common ground on which to divide the market analy- 
sis. The first group (see table) we have called “Small 
Commercial.” The 
buying motive in this 
group has been profit # a 
and local competi- ‘ 
tion; many of these 
buyers of air condi- 





tioning could not af- 
ford to be without | 
it. It will be noticed |. 
that this group as a_ |? 
whole shows for 
1938 only a 9 per 
cent decrease in the 
number of installa- 
tions and a 26 per 
cent decrease in 
horsepower as com- 
pared with the sim- 
ilar 1937 period. It © 
will be noticed that Although non-competitive air condi- 
the following mar- tioning installations decreased 35 per 
iche oleammeidl ‘ak: Saks cent in number and 76 per cent in 
, horsepower last year compared with 
provement in 1938: 1937, the competitive types of jobs 
beauty shops, bowl- decreased but 9 and 26 per cent 
ing alleys, funeral 
parlors, candy stores, clothing stores, drug stores, food 
stores, and photographic studios. 

We have called the second group “Industrial, Office 
and Public Assembly.” The majority of the markets 
under this heading are non-competitive. The buying 
motive is largely comfort and efficiency (human or in- 


a | 








COMPARISON OF /937-/938 BUSINESS 





*Air Conditioning Div., Commonwealth Edison Co. 





Knight Porter* and William Rock* ana-' 
lyze the records of air conditioning in- 
stallations in Chicago during 1937 and 
1938, show that while the total decrease 
(°38 compared with 37) was 18 per cent 
in number of installations, and 60 per 
cent in connected horsepower, the cor- 
responding percentages for the small, 
highly competitive types of buildings 
were but 9 and 26 per cent, respectively. 
... Their analysis indicates that where 
the motive for buying air conditioning 
is profit and local competition, the vol- 
ume holds up very well despite poor 
general business conditions. Where the 
buying motive is largely comfort and 
efficiency (human or industrial)—that 
is, non-competitive — general business 
conditions have much more effect on 
the volume of air conditioning installa- 
tions. However, this is felt to be a post- 
ponement of air conditioning invest- 
ment, and with returning business con- 
fidence the jobs that didn’t go in in 1938 
will be installed 











dustrial). There are two markets, hotels and theaters, 
included here which must be separately explained. One 
large hotel installation of more than 1000 hp is included 
in the 1937 hotel group. A major portion of this in- 
stallation was for guest rooms, and since there were 
practically no other hotels in the city with air condi- 
tioned guest rooms it can hardly be said that this in- 
stallation was influenced by strictly competitive inter- 
ests. Theaters are also included in this second group 
on the basis of the high degree of saturation in this mar 
ket. Sixty per cent of the listed theaters (322) are 
now conditioned ; those remaining without air condition- 
ing are highly marginal houses which would require ex- 
tensive remodelling as well as air conditioning were they 
to be modernized. For this reason, it is felt that the 
theater market should be excluded from the highly com- 
petitive “Small Commercial” group. It will be noticed 
in this second group that the number of installations de- 
creased 35 per cent, while the horsepower connected 
decreased 76 per cent in 1938 as compared with 1937. 
Also, the average size of installation decreased from 
62.7 hp in 1937 to 23 hp in 1938. 

The most notable loss in 1938 is to be found in large 
installations. In 1938 there were but five installations 
of 100 tons or larger as compared with 14 in 1937. 
There were no 1938 contracts for 200 tons and larger 
installations, whereas there were five installations in 1937 
of 200 tons or more. 

General offices as a classification showed the greatest 
loss, 2621 hp. The 1937 business produced seven gen- 
eral office jobs of 100 tons and larger as compared with 
only two in 1938. 

One of the highest percentage losses was in indus- 
trial applications. This loss was 53 per cent in number 
of installations and 82 per cent in horsepower. This 
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was to be expected because of the low level of general 
business and industrial activity. 

In summary, let it be mentioned that in the light of 
1938 general business conditions, small commercial air 
conditioning made a very good record; the retarded 
activity in commercial remodelling and new building is 
the only factor which prevented this group from better- 
ing the 1937 record. Large installations (the second 
classification ) suffered directly with the low ebb of busi- 
ness. Reduced volume apparently decreased interest in 
production efficiency and therefore in industrial air con 
ditioning, and corporation profits were such as to cause 
postponement of office modernizing and air conditioning. 

Since air conditioning has suffered only postpone- 
ment, it may be said that no ground has been lost. With 
the return of business confidence we may look to future 
volume which will be greater than past levels to the 
extent of 1938 postponements in investing in air con- 
ditioning. 

1937-38 Air Cenditioning Volume Compared 


(Selected types of installations for 11 month periods for Chicago) 





2 1937 1938 
Small Commercial No.of Horse- No.of Horse 
Jobs power Jobs power 
Barber Shops 1 1 
Beauty Shops 5 19 8 13 
Bowling Alleys 1 33 3 107 
Funeral Parlors . 15 224 20 173 
Restaurants ... , . oS 1821 87 1325 
Stores 
Candy ... , 7 28 14 73 
Clothing, Dept. ; 18 $42 24 149 
Drug .. ‘ 187 21 197 
Food . ; 5 31 8 9 
Fur ... 6 30 3 16 
Shoes ; 27 44 rf) 66 
Miscellaneous . 21 106 6 115 
Studios . 3 10 j 
Total * 228 3576 207 2638 
Average Installation. 15.7 12.7 


Per Cent Decrease: No. of Installations, 9. Horsepower, 26 





Industrial, Office, and 
Public Assembly 


Banks 2 18 
Churches ... 3 128 
Civic Buildings 1 30 
a ; 37 
Hospitals .... aed 5 5 2 7 
Hotels .... a Pee 5 1117 3 15 
Industrial 
0 eS ee { 1 15 
Candy . Ma ; aie 32 2 23 
Printing ..... 6 $62 2 $7 
Miscellaneous mir ieee Sm 626 ; 111 
General Offices . 39 3585 55 064 
Theaters .... ae 33 1847 6 $37 
- | ES o hharsiss 7715 SO 1845 
Average Installation. . 62.7 23 


Per Cent Decrease: No. of Installations, 35. Horsepower, 76 





GRAND TOTAL ...... 351 11,291 287 4483 


Per Cent Decrease: No. of Installations, 18. Horsepower, 60. 





Note—Room coolers have not been included in this 11 month tabulation 
Small residential and room cooler sales have progressed each year, and 
the development of the art is such as to indicate an accelerated rate of 
sales with improved general business conditions. 
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Heating, Piping and Air Conditioning’s 
Annual Air Conditioning Review 


N THE next page are tabulated comparative data on 

the number of installations and connected hors« 
power for air conditioning commercial and institutional 
buildings, industrial plants, and residences for the full 
vear of 1937 and the first 11 months of 1938, with totals 
as of December 1, 1938. 
from the utility companies serving the various areas co\ 
ered, and the courtesy of the utilities in making the data 


These figures were obtained 


available is gratefully acknowledged. 

If the figures for those cities for which the necessary 
data are available are totalled, it will be found from the 
table that the number of air conditioning installations 
during the first 11 monhs of last year was greater than 
in 1937, but that the horsepower for the 1938 installa 
tions was considerably below that of the 1937 jobs. For 
cities and areas representing between 29 and 30 million 
4] 


population and listed in the table on the next page, 
hgure for number of 1937 installations is 4.963: for 1] 
months of 1938 the corresponding figure is 5,322. The 
+.963 1937 jobs represented 92,496 connected horse 
power, however, while the 5,322 jobs during the first 11 
months of 1938 accounted for but 60,956 hp 

\n analysis of 1938 air conditioning volume as com 
pared with that of 1937 is given in the article by Porter 
and Rock immediately preceding. It is based on the fig 
ures for Chicago, where complete data are availabk 

Data such as are given in the table on the following 
page are still difficult to compile with absolute accuracy 
and cannot be obtained for as many cities as would he 
desirable. The information can be had only from ele 
tric utilities, and therefore (in many cases) the figures 
given do not cover installations which are not served by 
the utility—such as many industrial jobs, and jobs using 


other forms of refrigeration or latent heat removal than 


electric motor driven. Thus, horsepower figures do not 
fully reflect the installed air conditioning capacities. In 
the tabulation, the figures do not include installations not 
served by the utility unless marked (7 The horse 
power figures shown include the connected hp for fans 
and pumps, as well as compressors, unless marked (*) 
“NR.” means “no record received.” In one or two 
cases, the 1938 figures include only 10 instead of 11 
months 

While the scope and form of the reported data vary 
for each reporting utility, the comparison between 1937 
and 1938 for any one city is felt to be accurate, for both 
sets of figures were of course obtained from the same 
source. 

The American Ice Co. (serving metropolitan New 
York and Boston, and the cities of Philadelphia, Wash 
ington, and Baltimore) reports the following numbers of 
new ice using air conditioning installations in its terri 
tories during 1938—legitimate theaters, 6: motion pic 
ture theaters, 3; restaurants, 15, and miscellaneous, 6 
The company’s total air conditioning ice consumption for 
the 1938 season (old jobs as well as new, of course) was 
105,075 tons—low because of weather conditions. Few 
of the installations in the company’s territories required 
any refrigeration at all prior to July 15 

It is planned to publish further data on 1938 air con 
ditioning installations—including figures on railway air 
conditioning—as they become available later on. 
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Properties of Air-Vapor Mixtures 


Interpolated to Tenths of a Degree 


By William Goodman* 


OLUMNS 2 and 5 of the accompanying tables 
(next page) have been interpolated from the 

Psychrometric Tables that appeared in the Jan 
uary, 1938, issue.’ Although it is doubtful whether 
the various quantities in the table are known accurately 
enough to be stated definitely to the nearest tenth of 
a degree, nevertheless such tables are extremely seful 
in air conditioning work. Cases frequently arise where 
values to tenths of a degree must be used if cersistent 
results are to be obtained from a set of computations. 
For instance, in making curves, the points may scatter 
unless values interpolated to tenths of a degree have 
been used throughout the computations. 
in much air conditioning work the air may be cooled 
through only a small wet bulb temperature range. In 
these circumstances the amount of heat removed will 
Therefore, unless values of enthalpy to at 


Furthermore, 


be small. 
least one-fifth of a degree are used, a relatively large 
percentage of error may result. 


*The Trane Co. Member of Board of Consulting and Contributing 


Editors. 


Copyright, 1939, by William Goodman. ; 
New Tables of the Psychrometric Properties of Air Vapor Mixt res 
Heatine, Preinc axnp Ate Conpiriontnc, January, 1938, pp. 1-7 


The values in Columns 3 and 4 are extremely handy 
for quickly finding the actual enthalpy (total heat) oi 
an air-vapor mixture if its dry bulb and dew point tem 
peratures are known. A complete discussion was given 
in the January, 1938, article of the method of using 
the actual enthalpy of the air for accurate computations 
as against the approximate methods commonly used 
\lthough the error is generally not large, there are times 
when accurate computations using the actual enthalpy 
should be used. In such cases the equation below, whicl 
was developed in the earlier article, offers the quickest 
means of finding the actual enthalpy if the dry bulb and 
dew point temperatures are known 


} "4 


/t ‘ 1061w 


where h = actual enthalpy of the mixture, Btu per Ib of drv ai 


t= dry bulb temperature of the air 


Values of s”, the humid specific heat of air correspond 
ing to any given dew point temperature, are tabulated 
in Column 3. Values of 106lw corresponding to th 
given dew point temperature are tabulated in Column 4 


[The tables will be continued next month] 





Portable Air Conditioner 
Installed on Ship 

Results of the first installation of a portable air con 
ditioner on a ship, the Dutch Mailship “Marnix van 
St. Aldegonde” which carried the Sultan van Langkat 
of the Dutch East Indies to Holland to assist at the 40 
Year Jubilee of Queen Wilhelmina, are being studied 
by marine engineers for future application of this science 
for sea transportation. The unit which was installed im 
the Sultan’s de luxe cabin is of the water cooled type. 
Fresh water was used for the condenser, as a special con 
denser for sea water was not available when this 
installation was made. 

The air conditioning men had an opportunity to in- 
spect the equipment on a trial run from the Dutch East 
Indies to Holland and found that remarkably few alter 
ations had to be made in spite of heavy seas. 

Compressor motor, fan motor, fan and housing and 
electrical controls were changed for 220 volt direct cur- 
rent. The discharge pipe of the compressor with the 
flexible joint was relocated so that it would not strike 
any part of the unit, while in a still or rolling position. 
An arrangement was made so that only one line and 
one hole had to go through the side of the ship for the 


common drain line of the evaporator and the outlet of 


the condenser. 


A third mounting was installed under the primary air 


fan because of the rolling of the ship but the spring 
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mountings under the compressor weathered the trip in 
good shape. As windows and shutters on the ship are 
lowered when opening, a small wooden piece was placed 
in the top part of the window frame, and the outside ait 
duct connected to this board and the back of the unit 
This allowed full use of the windows and shutters with 
out extensive alterations. 

When the unit is removed, only four wooden plugs 
will have to be taken out and the window sill refinished 


where they were installed—Gerald Burke, Carrier Corp 





Trend to Welded Valve Bonnets 
Seen at New York Power Show 


Hard faced discs and seats, welding ends and chronx 
plated stems are now accepted construction for high tem 
perature-pressure valves; but at the recent power show 
in New York City there was also a noticeable trend 
toward welded bonnets. Evidently materials have been 
perfected to a degree which obviates concern for valve 
maintenance, the advantages of welded construction be 
ing considered to outweigh any handicap due to non 
accessibility resulting from welded bonnets. 

The welding end valves at the power show were 
threaded (either internally or externally), or else pro 
vided with special collars. These constructions have been 
adopted in order that valves may be tested without un 
due stresses such as the compressive force of a voke 
to seal the valve ends. 
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Absolute Humidity and Enthalpy of Mixtures of Air and Saturated Water Vapor 
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Interpolated to Tenths of a Degree. 
Barometric Pressure 14.696 Lb per Sq In, 
bulated Values are Quantities per Pound of Dry Air in the Misture. 
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Organised, 1937. Headquarters, Atlanta, Ga. 
President, C. L. Tremptin, 348 Peachtree 
T. Tucker, 260 Peachtree St., N. W. 


CINCINNATI: Organised, 1932. Headquarters, Cincinnati, 
O. Meets, Second Tuesday in Month. President, O. W. Motz, 
2524 Moundview Dr., Norwood, O. Secretary, R. E. Krai, 
Jr., 222 East 14th St. 


GOLDEN GATE: Organized, 1937. Headquarters, San Fran- 
‘isco, Calif. A/eets, First Tuesday. President, G. M. SIMONSON, 
74 New Montgomery St., San Francisco, Calif. Secretary, G. J. 
CuMMINGs, 113 Tenth St., Oakland, Calif. 


ILLINOIS: Organized, 196. JHleadquarters, Chicago, Ill. 
Meets, Second Monday. President, J. R. Vernon, 1355 Wash- 
ington Blvd. Secretary, M. W. BisHop, 228 N. La Salle St. 


Headquarters, 
President, 
Secretary, 


IOWA-NEBRASKA: Organised, 1937. 
Omaha, Neb. Meets, Second Tuesday in Month. 
W. R. Wuirte, 4339 Larimore Ave., Omaha, Neb. 
Henry KLeEINKAUF, 1726 St. Mary’s Ave., Omaha, Neb. 


KANSAS CITY: Organised, 1917. Headquarters, Kansas 
City, Mo. Meets, Second Monday in Month. President, A. L. 
MAILLARD, 3740 Washington St. Secretary, C. A. FLARSHEIM, 


P. O. Box 56. 


MANITOBA: Organized, 1935. Headquarters, Winnipeg, 
Man. Meets, Fourth Thursday. President, Witt1AM Worton, 
508 Scott Bldg. Secretary, E. J. Argue, Ste. 11, Estelle Apts. 


MASSACHUSETTS: Organized, 1912. Headquarters, Bos- 
ton, Mass. Meets, Third Tuesday in Month. President, James 
Hoit, Massachusetts Institute of Technology, Cambridge, Mass. 
Secretary, H. C. Moore, 69 Massachusetts Ave., Cambridge, 
Mass. 


MICHIGAN: Organised, 1916. Headquarters, Detroit, Mich. 
Meets, First Monday after the 10th of the Month. President, 
F. J. Linsenmeyer, University of Detroit. Secretary, G. H. 
Tutte, 2000 Second Ave. 


WESTERN MICHIGAN: Organised, 1931. Headquarters, 
Grand Rapids, Mich. Meets, Second Monday in Month. Presi- 
dent, C. R. McConner, 1904 Waite Ave., Kalamazoo, Mich. 
Secretary, W. G. Scu.icutinc, 1417 W. Lovell St., Kalamazoo, 


Mich. 


MINNESOTA: Organized, 1918. Headquarters, Minneapolis, 
Minn. Meets, Second Monday in Month. President, J. E. Swen- 
son, 800 Hennepin Ave., Minneapolis, Minn. Secretary, M. H. 
Bjerken, 4952-17th Ave., S., Minneapolis, Minn. 


MONTREAL: Organized, 1936. Headquarters, Montreal, 
Que. Meets, Third Monday. President, F. J. FrrepMAn, 1221 
Osborne St. Secretary, C. W. Jounson, 630 Dorchester St., W. 


NEW YORK: Organized, 1911. Headquarters, New York, 
N. Y. Meets, Third Monday in month. President, H. G. Menke, 
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Rm. 1500, 4 Irving Pl. New York, N. Y. Secretary, T. W. 
Reyno.ips, 100 Pinecrest Dr., Hastings-on-Hudson, N. Y. 


WESTERN NEW YORK: Organised, 1919. Headquarters, 
Buffalo, N. Y. Meets, Second Monday in Month. President, 
J. J. Landers, 701 Crosby Bldg. Secretary, W. R. Heath, 119 
Wingate Ave. 


NORTHERN OHIO: Organized, 1916. Headquarters, Cleve- 
land, O. Meets, Second Monday in Month. President, J. P. 
Jones, 448 Terminal Tower. Secretary, C. M. HH. KaexcHer, 
3030 Euclid Ave. 


OKLAHOMA: Organised, 1935. Headquarters, Oklahoma 
City, Okla. Meets, Second Monday. President, E. W. Gray, 
Box 1498. Secretary, A. A. Hoppe, 1941 Northwest 17th St. 


ONTARIO: Organized, 1922. Headquarters, Toronto, Ont. 
Meets, First Monday in Month. President, H. B. JEeNnNey, 
Royce and Lansdowne Aves. Secretary, H. R. Roru, 57 Bloor 
St., W. 


PACIFIC NORTHWEST: Organized, 1928. Headquarters, 
Seattle, Wash. Meets, Second Tuesday in Month. President, 
C. W. May, 1201 Smith Tower. Secretary, R. D. Morse, 1534 
First Ave. S. 


PHILADELPHIA: Organised, 1916. Headquarters, Phila- 
delphia, Pa. Meets, Second Thursday in Month. President, 
H. H. Erickson, 1124 Spring Garden St. Secretary, H. H. 
MATHER, 1000 Chestnut St. 


PITTSBURGH: Organized, 1919. Headquarters, Pittsburgh, 
Pa. Meets, Second Monday in Month, President, R. A. MIccer, 
2200 Grant Bldg. Secretary, T. F. Rockwetr, Carnegie Inst. Tech. 


ST. LOUIS: Organized, 1918. Headquarters, St. Louis, Mo. 
Meets, First Tuesday in Month. President, E. E. Cartson, 1010 
Louderman Bldg. Secretary, D. J. Facrn, 1017 Olive St. 


SOUTHERN CALIFORNIA: Organized, 1930, Headquarters, 
Los Angeles, Calif. Meets, Second Tuesday in Month. President, 
H. M. Henprickson, 5051 Santa Fe Ave. Secretary, A. J. Hess, 
2616 West 70th St. 


TEXAS: Organized, 1936. Headquarters, College Station, 
Texas. President, H. W. Sktnner, 4816 Dexter St., Fort 
Worth, Tex. Secretary, W. H. Bavcett, Texas Engrg. Ex- 
periment Station, College Station, Tex. 


WASHINGTON, D. C.: Organized, 1935. Headquarters, 
Washington, D. C. Meets, Second Wednesday in Month. Presi- 
dent, S. P. Eacieron, 3522 “S” St... N. W. Secretary, E. V. Fin- 
ERAN, 411 Tenth St., N. W. 


WISCONSIN: Organised, 1922. Headquarters, Milwaukee, 
Wis. Meets, Third Monday in Month. President, D. W. New- 
son, University of Wisconsin, Madison, Wis. Secretary, T. M. 
HucuHey, 906 N. Fourth St. 
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Condensation of Moisture and Its Relation 


to Building Construction and Operation 


By F. B. Rowley.” A. B. Algren,** and C. E. Lund,*** (MEMBERS), Minneapolis, Minn. 


F condensation develops in a building it usually 
comes from the vapor which is mixed with the air 
on the warm side of the walls. This vapor travels 
from points of high vapor density to points of lower va- 
por density and will pass directly through many types 
oi building construction. The rate at which it may travel 
is considered to be in direct proportion to the difference 
in vapor density between two points, and inversely pro 
portional to the vapor resistance of the materials in the 
path of travel. Vapor density is usually rated in terms 
of vapor pressure and when the vapor pressure reaches 
a point which corresponds to the boiling pressure of 
water at a given temperature, the vapor is saturated 
and further moisture in the space must exist as mist or 
fog. As is well known, the maximum vapor density, 
and therefore vapor pressure, for any given space de 
creases as the temperature is decreased, and if the tem 
perature of the vapor in any space is gradually decreased, 
ultimately a point will be reached at which the space is 
saturated and any further decrease in temperature will 
cause condensation of part of the vapor within the space. 
(The vapor density within a space is seldom high 
enough to cause trouble, unless conditions exist which 
make it possible for the vapor to accumulate in the form 
of moisture or frost within the structure.) 

There are, in general, two methods by which the va- 
por may be accumulated either as water or frost. First, 
certain materials of construction are hygroscopic and 
will absorb a considerable quantity of moisture directly 
from the vapor in the air. Second, as the vapor comes 
in contact with surfaces which are below its dew-point 
temperature, condensation will take place with the ac- 
cumulation of water or frost, depending upon the tem- 
perature of the surfaces. These surfaces may be the 
inner exposed surfaces of the walls, windows, etc., or 
they may be interior parts of walls. The greatest diff- 
culties usually occur from long and severe conditions of 
moisture accumulation in the form of frost or ice fol- 
lowed by a less severe condition in which the frost is 
melted at a more rapid rate than it can be vaporized and 
carried out of the wall. There are several causes for 
the condition and likewise several remedies. Usually the 
most sévere conditions of condensation are due to a com- 
bination of causes, and it is often necessary to apply 
more than one specific remedy. 

Briefly the causes of condensation may be summarized 
as: 


*Director, Engrg. Experiment Station, University of Minnesota. 
**Asst. Director, Engrg. Experiment Station, University of Minnesota 
***Research Engr., Engrg. Experiment Station, University of Minnesota 
For presentation at the 45th Annual Meeting of the American Society 
or Heatinc anp VENTILATING ENGrINeERS, Pittsburgh, Pa., January, 1939. 
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1. High vapor density carried on the warm side of the wall 
2. Allowing this vapor to come in contact wit! ill 
or interior parts of the walls whose temperatures are 
their dew-point temperatures 
By using exterior construction of walls 
vapor from leaving the walls. 
1. Exterior air temperatures which will maintai 


ratiure 


parts of walls below the dew-point tempera 


contact with these parts tor extended periods 


The first cause may be controlled by the condition 
under which the building is operated; the second 
third causes may be taken care of in the constructs 


of the building; but the fourth cause must be anticipated 
from an analysis of U 


S. Weather Bureau records an 
met by selecting the proper types of construction an 
reasonable operating conditions. ‘The remedies are ol 
viously, first, to lower the relative humidities withn 
the building during cold periods, and second, to provid 
some type of construction which will prevent the mots 
ture from travelling into the structure and which wil 
make it possible for that moisture which 
be vented to the outside. 


problem requires an analysis to determine 


does entet 
kivery case that presents a 


1s Causes 


and remedies, and it is not logical to hold any one fac 
tor, such as conditions carried within the building or a 
certain type of building construction, as responsible tor 
condensation until after all of the factors involved have 
been investigated. 

An investigation covering the causes of condensation, 
the extent of the problem, its effect on building construc 
tion, and proper remedies to be applied has been in prog 
ress at the University of Minnesota, Engineering Experi 


\ report 


ment Station, for the past two years. describ 


ing the test set-up and some preliminary results was 
given at the Annual Meeting of the Society in January 
1938. Several phases of the problem have been solved, 
but as some of them are inter-related the problem r 
quires additional study. This paper, therefore, must be 
considered as a second progress report. 

During the past year the investigation has followes 


mainly five lines: 


1. A further study of vapor barriers 
2. Ventilation of walls through the exterior surfaces 
The effect of vapor barriers on the drying of wet plaster 
4. The effect of attic ventilation on the accumulation 
moisture and frost within the attic, and upon attic temperatures 
5. The effect of vapor pressure on the rate of vapor travel 
through materials. 


1Condensation Within Walls, by F. B. Rowley, A. B. Alere — 
i Lund (ASHVE Journat Se s nti r . ‘ 
nditioning, January 1938 
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Test Set-up 


The complete test set-up was described in the paper 
previously referred to, Briefly, it consists of an insu 
lated test room 30 ft square and 28 ft high, provided 
with cooling equipment by which the air temperatures 
can be maintained continuously as low as —-25 F. Small 
test houses are placed within this room and supplied with 
conditioned air, the temperature and humidity of which 
controlled to match any conditions 
These test houses are 


can be accurately 
which may be met in the field. 
provided with means for inspecting the interior of the 
walls and for measuring the effect of moisture or frost 
accumulation during periods of test. 

The object has been to simulate as nearly as possible 
conditions which may be met in the field and to study 
the causes, effects, and corrective methods for moisture 
and frost conditions within structures. It has been pos- 
sible to simulate the conditions in so far as the construc 
tion of buildings is concerned, and weather conditions 
have been duplicated with the excepuion of the effect 
of sunshine on a building. It is recognized that the pe 
riodic heat of the sun on the suriace of a building may 
have a marked etfect on the problem. In most cases, 
however, the effect of the sun’s heat is to alleviate the 
difficulty, and the conditions set up in the test room are 
therefore more severe than those met in the field. Any 
remedies which will take care of test room conditions 
should be more than safe for equal construction and tem 
perature conditions occurring in the field. 


Vapor Barriers 


Two methods have been used in studying the com 
parative values of different types of vapor barriers. First, 
these barriers have been built into the wall and tested 


severe humidity conditions. 


under 
\luminum panels or other vapor-proof materials have 


ds | gi b 


temperature and 


heen placed on the inside surface of the 
sheathing to form an effective vapor stop at 
this point and the accumulation of frost on 
these vapor-stop materials has been measured 
and taken as the relative rate at which vapor 
travels through the particular vapor’ barrier 
as built into the wall. It is recognized that 
this method of test gives relative values only 
and that the vapor or frost accumulated on 
the aluminum or test panel is usually more 
than would be accumulated on the inside 
surface of the sheathing. It does, however, 
give a practical rating of the barrier and 
indicates definitely what may be expected of 
it in field application. Second, special test 
panels have been constructed in which the 
harrier under test forms the main vapor 
resistance between the vapor on the warm 
side and the vapor stop on the cold side of 
the barrier. The details of this test appar- 
atus are shown in the photograph of Fig. 1 
and the line drawing of Fig. 2. The individ- 
ual test panels are made up of 2% in. of in- 
sulation lined on the warm side with the 
harrier to be tested, and on the cold side with 


a light weight aluminum panel. The barrier 


42 





Fig. 1 


Section 


and panel are sealed to the test frame to prevent leakage 
of moisture and are each spaced about 4 in. from the in- 
sulating material. This test panel is then subjected to 
a definite set of conditions, such as 70 F air at 40 per 
cent relative humidity on the warm side and —10 F air 
on the cold side. Since all the vapor is supposedly 
stopped at the aluminum panel, the relative humidity 
of the cold air does not enter the problem. The vapor 
pressure drop may be taken as the difference between 
the vapor pressure of the 70 F and 40 per cent relative 
humidity air on the warm side and the vapor pressure 
corresponding to the temperature of the surface of the 
aluminum panel next to the insulation. This is prob 
ably not strictly equal to the vapor pressure drop across 
the barrier, but it gives the same vapor pressure differ 
ence for all materials tested by this method, and if the 
joints are properly sealed between the frame and _ the 
panels on each side the method should give the proper 
relative values for the materials tested. In this test pro 
cedure the size of each test sample is 12}3 in. & 13 
in., and 16 test samples are built into walls of a small 
test house. 

Tables 1 and 2 give the relative values of different 
types of barriers when tested in combination with a 
wall, and Table 3 gives the results of certain barriers 
when tested by the special test apparatus. The paper 
barriers of Table 1 were placed on the warm side of the 
insulation between the metal lath and studs. The paint 
and surface finish barriers of Table 2 were placed on the 
inside surtace of the plaster. In all cases where test 
walls were used in combination with the barriers these 
walls were built with 2 x 4 studs spaced 16 in. on center, 
finished on the inside with metal lath and plaster and 
on the outside with &-in. Ponderosa pine shiplap sheath 
ing, asphalt saturated building paper, and redwood sid 
ing, with three coats of white paint. 


ins 


The plaster was 
thick consisting of a scratch coat, 


The scratch and brown 


approximately 1% in. 
a brown coat, and a finish coat. 





View of apparatus for making tests on vapor barriers 
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coats were made by mixing one part of Gyp- Table 1—Condensation on Inner Surface of Sheathing for Different Types 
sum plaster and two parts of plaster sand. The of Vapor Barriers Placed Between Metal Lath and Studs 
finish coat was a thin coat of lime plaster. 


INS! EA 
Effect of Vapor Barriers on the Drying of Varor Barares Aik Tear. oF tartan 
Wet Plaster DecGF | DecF | Test| Tes 

When an effective vapor barrier is placed un : er . 3 ; >on 
derneath plaster the question may arise as to 9.s | is . whan 
whether or not the plaster will be prevented None 99 23.0 7 1.02 
from drying out by this barrier. If a barrier 99 25 | 7 1 65 4 
were 100 per cent effective, all of the moisture Asphalt impregnated and|Edges lap 19 5 ‘1 ‘ 0.09 
from the plaster would necessarily have to pass iiien genes.” = 0.9 20 5 : 0 00 v.00 
out to the interior surface, whereas with no bar Hr aor call of a > a ' : oa ~ 
rier it night readily pass out in both directions. Jai nd seals 9.9 9.3 : hen neh 

In order to answer this question a test house ee sie ; 
4 it wide, 8 ft long, and 8 ft high was constructed paper cemented to-| not seak 19 3 07 ‘ 
as shown in Fig. 3. The walls were built in shalt. equal fp wel tow a . fa ca 
sections 4 ft wide and 8 ft high with 2 x 4 studs Weig! ae pet taphed vata 99 20 7 00 0 00 
spaced 16 in. on center; metal lath on the inte- ~? slant 
rior surface of the studs; 8-in. Ponderosa pine oe ae ee - 
shiplap sheathing, building paper, and 6-in. red saturate ae aapheds./Rdges legs 9.5 2 : - 
wood lap siding on the outside surface. The 70.8 | per roll of 500 is . 
sheathing, building paper, and lap siding were 
built in one unit so that they could be removed mk | 19.5 18 ' 0 09 0 09 
as in other standard test panels. Aluminum wa _— = on ‘ — _— 
panels were placed between each stud section 
next to the sheathing for the purpose of collect Nt ir ninnenoadl bh 6 ix eee sak ed 1 

ster on interior surf ~ Ponde , , 
iw $ I \ 


ing and weighing frost which might accumulate 
due to the passage of moisture through the wall 
An air duct was provided such that cold out 
side air could be circulated to the interior of the 
test house at a rate corresponding to two changes 
per hour for the average house. The walls were 
constructed with various types of vapor barriers 
placed under the metal lath, and with 355g im 
of Mineral Wool applied between the studs. Ai 
ter the test house was constructed and betore 
any plaster was applied, the inside and outside 
air temperatures were brought to 70 F and 
15 F respectively, and maintained tor a suth 
cient length of time to establish equilibrium 
through the construction. The plaster was then 
applied in three coats consisting of a scrat 
coat, brown coat and finish coat, each allowed 
to dry for the time indicated The composi 
tion of the plaster was as given in Table 4 


The important conclusions which can lx 








drawn from the results of the wet plaster tes 
shown in Table 4 are: 





1. A good vapor barrier applied underneath the 

















plaster is effective in stopping the moisture travel tron 











the wet plaster to the interior of the wall, but th 





relative humidity within the structure may run ve 


high during the drying out period 

2 A _ barr should be used which will not hb 
affected by wet plaster 

3. The drying out of the plaster does not appear 


to be affected by the presence of the barrier and m 


difference can le detected between the plaster dried 





with the barrier and that dried without the barrie: 
s : . . : : E $+. During the drying period for plaster over ar 
Fig. 2—Line drawing showing details of construction for special vapor 


barrier test apparatu efficient barrier some moisture may accumulate on the 
a st apparatus . 
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Condensation on Inner Surface of Sheathing for Different Types 
of Finishes on Interior Surfaces of Plaster" 


| | 

| 
FINtSHES ON INSIDE SurFAcE |No, or} Outsipe AIR 
oF PLASTER Tests | TEMPERATURE 


Table 2 


CONDENSATION 
»N SHEATHING 
GRAMS/SQ FI 


| : 

| INsipE SURFACE 
TEMPERATURE | 
or SHEATHING 


Dec F Dec F | 24 Hours 
Unfinished | : ~19 5 — 0.2 2.15 
a +10.0 22.8 1.40 
2 Coats Sea] Coat Paint 1 19 5 08 0.20 
. 4 +10.0 23.6 0.00 
2 Coats White Flat Paint» = em —19.5 - 1.5 0.24 
l | +10.0 20 .6 0.00 
2 Coats Aluminum Paintd | a —19.5 | 0.5 0.25 
1 +10.0 23 .6 0 00 
1 Coat Asphalt applied hot 1 | —19 5 1.1 0.13 
>. $10.0 23.3 0.00 
i Coat Seal Coat Paint ; 1 19.5 18 0 23 
2 Coats White Fiat Paint! l +100 22.5 0.00 
1 Coat Seal Coat Paint | l 19.5 3.9 | 0.16 
2 Coats Aluminum Paintd l +10.0 24.3 0.00 
1 Coat Glue Sizee with Plain | 1 -19.5 — 0.9 2.11 
Wall Paper l +10.0 22.2 1.11 
1 Coat Glue Size with Dull Sur . 
ra . l -—19 04 0.64 
face Treated Canvas Wall I £10 ° 22 3 0 10 
Covering 
1 Coat Glue Size with Glossy| l —19.5 0.7 0.47 
Surface Treated Canvas Wall l 10.0 21.7 0.01 
Covering 
1 Coat Glue Size with Duplex 1 —19.5 -0.2 0 32 
l +10.0 21.8 0.0 


Crepe Paper: | 
i 


Composition of titanium 
calcium pigment: 


“Inside air conditions 70 F and 40 


cent R. H. 


per 
All walls constructed with 2 in. x 4 Titanium oxide 30.0 per cent 
in. studs spaced 16 in. on centers; metal Calcium sulphate 70.0 per cent 
lath and plaster on interior surface; § Vehicle Composition 
in. Ponderosa pine shiplap, building i, «Aallae & we 16.7 per cent 
paper and 6 in. redwood siding on out Vegetable oil 28.8 per cent 
side; 35¢ in. Mineral Wool between Drier and thinner.. 54.5 per cent 
studs; surface finish as specified ‘d4dluminum Paint Specifications 
bWhite Flat Interior Paint Specifications: Aluminum paste ..... , 1.75 lb 
Pigment ‘ted 62.3 per cent Vehicle , . 7.40 lb or 1 gal 
Vehicle , 37.7 per cent Composition of paste: 
ment Composition 65.0 per cent 


ig Pure aluminum powder 
Titanium calcium pigment 78.0 per cent Volatile liquid ; 35.0 per cent 


Calcium carbonate 22.0 per cent Vehicle: 
Composition of titanium calcium Water resisting spar varnish 
*Giue Sise Specifications 


pigment: 
Titanium oxide 30.0 per cent A cold water size containing 


Calcium sulphate 70.0 per cent animal glue. 
Vehicle Composition Mixture: 11 pints of water 
Vegetable oil and resin... 34.3 per cent to 1 lb of size. 
Volatile thinner and drier 65.7 per cent Note: Outside White Lead 
¢Seal Coat Specifications for Paint Specifications: 
Priming Coat on Plas- Pigment by weight 70.0 per cent 
ter Surfaces: Vehicle by weight.. 30.0 per cent 
Pigment .... ... 40 percent Composition of pigment: 
Vehicle 60 per cent A pure white lead paste 


Composition of vehicle 
inseed oil 


Drier 


Pigment Composition 
Titanium calcium 
ment 


90.0 per cent 


10.0 per cent 


100.0 per cent 


warm surface of the barrier, but this will re-evaporate and vent 
out through the dried plaster without causing any damage to 


the structure. 
Ventilation of Walls to Exterior Air 


Vapor passes through all parts of a wall from points 
of high vapor pressure to points of low vapor pressure. 
It appears to travel in direct proportion to the differences 
in vapor pressure, and in inverse proportion to the vapor 
resisting property of that part of the wall through which 
it passes. If the conditions of vapor pressure and vapor 
resistance throughout a wall are such that there is a 
uniform and equal flow of vapor through each section 
of the wall, a normal moisture gradient will be estab- 
lished throughout the wall and there will be no point 
within the wall at which moisture or frost will accumu- 
late. If, on the other hand, conditions permit the vapor 
to travel at a higher rate through the first section than 
through the other sections of the wall, there will neces- 
sarily be an accumulation of moisture or frost at the line 


where this rate of travel changes. In order to avoid 
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Average Results for Vapor Barrier Tested by Special 
Test Method" 


Table 3 


CONDENSATION 
: Grams/sQ F1T/24 Hours 
No. or 
| Tests 


DESCRIPTION OF BARRIER 


Maximum | Minimum | AVERAGE 


No barrier | = . | 13 40 


Asphalt impregnated and surface 
coated glossy sheathing paper 5 0 22 
Weight of paper tested, 51.9 Ib | 
per roll of 500 sq ft 


0.09 0.16 


30-30-30 Duplex 
Two sheets of 30 lb Kraft paper 
cemented together with a layer of} 
asphalt, — in weight to 1 layer 
of paper. Weight of paper tested, 
58 Ib per roll of 500 sq ft | 


om i 6.37 
0.35 0 38 
0.43 0.43 


Note 
-_ 


Paper with rag felt base saturated 
with asphalt. Weight of paper 
tested, 70.8 Ib per roll of 500 sq ft | 


1 04 1 46 


Single sheet 50 lb Kraft paper, satur- 
ated with asphalt, finished weight 1 
68 lb. Weight of paper tested, 12 
lb per 500 sq ft 


Single sheet 70 lb Kraft paper, satur 
ated with asphalt, finished weight 
82.5 lb. Weight of paper tested 
14.8 lb per 500 sq ft 


Duplex crepe paper, weight of paper 3 0.24 0.11 0.16 


tested, 40.7 Ib per 500 Sq ft j 
| 
70 F, 40 per cent 


10 F. 


R. H 


‘Inside air conditions 
Outside air conditions 


Air Temperatures and Humidity Conditions for Wet 
Plaster Tests 


Table 4 


Test House 


CoLp 
PLASTER No. or | Room | Per Cent R. H 
Hours Dec F D. B.. 

Dec |! Max. MIN AVG 

Scratch Coat | 66 15.2 69 9 73.0 57.0 63 6 
Brown Coat 96 —15 4 70.1 78.0 59.0 2.7 
Finish Coat 171 14 3 70.0 75.0 34.0 580 

| 
‘Scratch Coat—sand passing No. 10 sieve, 500 Ib; fiber plaster, 204 | 


and water, 106 Ib. 


»Brown Coat—sand passing No. 10 sieve, 880 Ib; fiber plaster, 353 Ib 
and water, 185 Ib. 

Finish Coat—hydrated lime and unfibered plaster to ratio of approxi 
mately 3 parts of lime to 1 part of plaster mixed with water to give proper 


wor kability ° 
1 


Note: The mixtures for the scratch and brown coats consisted of “" 
parts of sand by weight, 1 part of plaster, and 6 gal of water per sack of 
plaster. 


condensation difficulties it is desirable to construct a 
wall, which under the conditions of use will resist the 
entrance of vapor through the warm interior surface, 
and as a factor of safety permit the free passage through 
the exterior part of the wall of any vapor which may 
have entered the interior section. 

The passage of vapor from the interior part of the 
wall to the exterior cold air is often spoken of as venti- 
lation of the wall, and is connected with the movement 
of air through the exterior surface of the wall. As a 
matter of fact the venting of vapor may take place with- 
out any air movement at all, although it is usually ac- 
companied by some exchange of air. There are cases 
in practical construction in which it appears desirable to 
accelerate the normal passage of vapor through the ex- 
terior of the wall by means of artificial ventilation. Any 
exchange of air through the exterior surface of a wall 
will increase the heat loss through the wall, but under 
some conditions it is possible to provide enough artificial 
ventilation to relieve any moisture accumulation within 
the wall and yet not materially increase the heat loss 
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through the wall. It is this type of ventilation that is 
now under investigation. Different methods of venti- 
lating through the exterior surfaces of walls have been 
applied to both 4-ft and 8-ft walls with different kinds 
of construction. These tests are still in progress but 
from the work thus far done it may be said that ventila 
tion of walls to the exterior cold air will increase the 
rate of vapor travel through the exterior surface and 
give partial or complete relief from any condensation 
difficulties depending upon the severity of conditions 
lor severe conditions it usually will be necessary to con 
sider additional corrective measures such as reducing 
the inside relative humidity or using some vapor resist 
ant material on the warm side of the wall. 


. 


1 
; 
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| 
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Fig. 3—Test house used for wet plaster test and also 
subsequent test on wall ventilation 





Ventilation of Attic Space 


When insulation is applied to the ceiling of the upper 
floor and the attic space above is unheated, the unde: 
side of the roof and attic walls may become very cold 
and provide a surface for the condensation of moisture 
and accumulation of frost, if vapor is allowed to pass 
through the upper floor ceiling into the attic space. The 
most effective way of preventing this condensation is t 
place a vapor barrier on the warm side of the insulation 
between the attic space and the rooms below. In case 
it is not practical to use this type of a barrier, or as a 
precaution against any moisture which may pass thi 
barrier, it is usually possible and practical to ventilate 
the attic space to the exterior of the building. The ques 
tion then arises as to the type of ventilation system 
use and the minimum amount of air necessary for eff 
tive ventilation. 


investigation of the possibilities 


In the preliminary 
of attic ventilation three of the small size test houses 
have been equipped with attics. The ceilings below 
were constructed with 2x 4 joists, metal lath and plas 


Mineral Wool between the joists No 


The roofs were constructed 


ter, with 354-in 
vapor barriers were used 
with 8-in. pine shiplap sheathing covered with roofing 
paper. The attic spaces were typical for cold attics wit! 
cold surfaces underneath the roofs for the condensation 
of moisture. The first attic was completely enclosed 
without ventilation; the second was provided with ad 
justable vent openings in each gable; and the third was 


provided with mechanical ventilation by which the 
amount of air supplied to the attic could be accurately 
measured. In each of the attics the roof boards with 
attached roofing material were built as a unit so that 
the entire roof section could be remeved during test for 
inspection of interior conditions if desired. Small con 
densation panels were also placed on the under side of 
the roof sections to provide means of collecting and 
weighing the frost accumulated during a test period, Ob 
servation openings were provided in the gables for in 
spection of the interior to determine whether or not 
condensation was taking place during a test period wit! 
out disassembling the walls. Fig. 4 shows a line draw 
ing of the attic in which openings were provided for nat 

ural ventilation 
through the gables 
Fig. 5 


three test 


shows the 
attics as 
sembled in the co 
room together wit! 
the pump and meter 
used to furnish air 


mechanical! 


to the 
ventilated attic 
The test data thus 


far taken on th 





three attics are 








Table 5 








shown in 








y 
Fig. 4 Construe- \ 
tion details of attic V 
for attic ventilation 

tests 
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Tests have been run 

with outside temper! 
gia atures ranging from 
10 F to +25 F and 


v\ with air conditions 
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View of set-up for ventilated and unventilated atties. 
used for measuring supply of air to mechanically ventilated attics 


Fig. 5 


in the test houses ranging from 70 F and 40 per cent 
relative humidity to 70 F and 20 per cent relative 
humidity. 

From the results in Table 5, test 19, period 1, which 
was run at a rather severe condition of 70.3 F, 40.5 per 


10.4 F for 


outside air, a rate of condensation on the underside of 


cent relative humidity for inside air, and 


the roof for the unventilated attic of 3.01 g¢ (grams) is 


shown. Under the same conditions the attic with natural 
ventilation having a 
square foot of ceiling area, and the attic with mechanical 
ft of hour square 
foot of ceiling area, showed no condensation, 19, 
period 2-3 run under the same temperature and hu 


cu air per 


Test 


ventilation having 3 per 


midity conditions gave 3.33 g condensation for the un- 
ventilated attic and 0.16 ¢ for the attic with natural ven- 
tilation with opening at each end reduced to 4 sq in. 
per square foot of ceiling area, and 0.03 g for the me- 
chanically ventilated attic supplied with 1% cu ft of air 
per square foot of ceiling area per hour. Evidently test 
period number 2-3 represents the minimum of ventila- 
tion for either natural or mechanical ventilated attic. 
The loss of heat due to attic ventilation may be cal- 


INSIDE AIR 
CONDITIONS 


| | | 4 
| 


14 sq in. opening on each gable per 


Apparatus in foreground 


Table 5—Attie Ventilation 


No VENTILATION 





culated for both the natural and 
mechanical ventilation by assum- 
ing that the loss of heat through 
each ceiling is directly propor- 
tional to the drop in temperature 
from inside air to attic air, and 
that all ceilings have the same 
conductance values. On this basis 
the increase in heat loss through 
the ceilings during period num- 
ber 2-3 for the natural ventilated 
attic as compared with that of no 
ventilation is 5 per cent, and for 
the mechanically ventilated attic 
it is 4 per cent. An average of 
all the thus far run 
to indicate a heat loss due to ven- 
per 


tests seems 
tilation of approximately 5 
cent for the conditions given in 
test period number 2-3. 

The approximate 
method of figuring the heat loss 
due to ventilation 
would be to assume that the loss 
is equal to the amount of heat 
required to heat the ventilation 
air from outside temperature to attic temperature 
On this basis the heat loss caused by mechanical 
ventilation for period number 2-3 would the 
amount required to heat 1.5 cu ft per hour through a 
temperature range from —10.3 F to +2 F, or 0.39 Btu 
per square foot of ceiling area per hour. If a coefficient 
of heat transmission for the complete ceiling of 0.08 and 
a temperature drop of 65.4 are assumed as in the un 
ventilated attic the heat loss per square foot of ceiling 
area for the unventilated attic is 5.23. Thus the calcu 
lated loss would be 7.4 per cent. This method would 
give an excessive loss charged against ventilation since 


second 


mechanical 


be 


it assumes that there is no loss for the unventilated attic. 
It seems safe to assume that the loss due to adequate 
ventilation would not be more than 10 per cent when 
based on the conductivity through the ceiling, and ex 
cepting for the most severe conditions it should be less 
than this amount. The data thus far obtained have been 
on small sized attics and of a single type of roof. The ap 
plication to larger sized attics will be investigated later 
Relation of Vapor Conductance Through a Material 
to the Drop in Vapor Pressure 

There has been much speculation as to whether the 

rate of vapor travel through a material or combination 


| 
NATURAL VENTILATION MECHANICAL VENTILATION 


| 
| 


les! PERIOD | DURATION | OUTSIDE | (i ie —— Se bet AF aii a. 

No No or Test Arr Temp. | | | | | i | AIR | | 
Dec F Dec F | R.H. % Artic Arr | CoNDEN- | OpentnG | Attic Arr | ConpEnN- Suppt IED | Attic Arr | ConDEN 
TEMP SATION® | SQIN | Temp. SATION ~ CU FT TEMP. SATION 
19 1 54 10.4 70.3 40.5 46 3.01 0.25 — 0.4 0.0 3.0 1.8 0.00 
19 2-3 | 68 —10.3 70.0 40.9 1 6 3.33 0.125 1.2 0.16 1.5 2.0 0.038 
20 1 66 +15.0 70.1 40.6 26.9 0.0 0.125 24.2 0.0 1.5 24.3 0 00 
20 2 | 99 +10.0 69.9 40.3 22.6 0.0 0.125 19.9 0.0 1.5 19.7 0.00 
20 3 117 + 5.0 70.1 40.6 17.3 1.16 0.125 13.9 0.0 1.5 4.4 0.00 
20 4 72 + 5.0 70.0 31.3 17.6 0.78 0.125 14.6 0.0 1.5 15.0 0.00 
20 | 5 72 + 5.0 70.1 20.7 16.9 —1 .02 0.125 14.1 0.0 1.5 14.4 0.00 
20 «| 6 98 +10.0 70 1 20.6 20.5 —1] .22 0.125 18 3 0.0 1.5 18.4 0.00 
20 7 66 +15.0 70.1 21.0 23.4 0.0 0.125 21.2 0.0 1.5 21.2 0.00 
20 | 12 141 0.0 70.0 21.3 11.8 1.76 | 0.125 7.8 0.0 1.5 9.6 0.00 
20 | 13 72 11.4 70.1 19.9 1.43 2.52 | 0.125 — 2.5 00 1.5 — 0.5 0.00 

| | 




















“Condensation in grams per square foot ceiling area per 24 hours 
bOpening in square inches per square foot ceiling area in each gable. 
‘Air supplied in cubic feet per hour per square foot ceiling area. 
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of materials as in a wall is in direct proportion to the 
drop in vapor pressure along the path of vapor flow, or 
whether the rate follows some other law. It is probably 
true that the manner in which the vapor is conducted 
through various parts of the path for various combina- 
tions of material is not the same for all conditions of 
vapor flow. For certain cases such as impervious hygro- 
scopic materials the vapor may be hygroscopically ab- 
sorbed into one surface of the material and transmitted 
through to the opposite side, as a liquid saturating the 
material, from where it will be re-evaporated. In other 
cases it may be transmitted directly through the material 
as a vapor without any change in state. The laws gov 
erning the rate of transfer may be affected by tempera 
ture range, method of transfer, or by some property of 
the material. If, however, the rate of transfer is sub 
stantially in direct proportion to the vapor pressure drop 
along the path of transfer, then the problem of vapor 
flow similar to that of heat flow 
through materials, and vapor conductance 
may be developed for individual materials and combina 


may be considered 


coefficients 
tions of materials similar to the heat conductance co 
efficients now in use. 

Sufficient test data have not yet been taken to prove 
whether or not the rate of vapor flow through the frame 
walls now being investigated may be considered sub 
stantially proportional to the vapor drop. 
In order to get some indication in regard to this law, 


pressure 


test values for several walls were selected and compiled 
in Table 6. These test values are either from identical 
walls or from walls constructed from the same specifica- 
tions. They were all frame walls with metal lath and 
¥4-in. Gypsum plaster on the inside surface, and pine 
sheathing, building paper, and lap siding on the outside 
surface with 35¢ in. Mineral Wool between the studs. 
They were all tested at substantially 70 F inside air tem 
perature with humidities of approximately 20 per cent 
and 40 per cent for outside temperatures of 5 F, 10 F, 
15 F, and -11.4 F. The test results for these walls are 
arranged in the table to show the comparative values 
for humidities of 20 and 40 percent at the different cold 
room temperatures. 

Since in each pair of tests all test conditions were the 
same with the exception of the vapor pressure on the 
of vapor flow from the 
air should be the same 


warm side of the wall, the rate 
sheathing surface to the outside 
for both tests of a pair, and the difference in frost accu- 
mulation on the sheathing should be caused entirely by 
the difference in rate of vapor flow from warm air to 


Table 6—Test Results Indicating the Rate of Vapor Travel Through Material 


Is Proportional to the Vapor Pressure Difference 


| Insmpe Air Vapor Pressure In. Ho 


CONDENSATION 





the sheathing. The only change in conditions whicl 
could cause a change in rate of flow is in the vapor pres 
sure on the warm side, and it is reasonable to assum 
that this difference in vapor pressure drop between the 
two tests of a pair was entirely responsible for the dit 
ference in frost accumulation on the sheathing for the 
two tests. 

Consider the first two lines of test results in the table 
a cold room 


he imsick 


In this case the same wall was tested at 


temperature of 15 F and conditioned air on 1 
of the test 10.7 


humidity for the first test and 70 F 


house of 70 F with per cent relative 
and 20.8 per cent 
relative humidity for the second test. In this pair of 
tests the conditions were all substantially the same wit! 
the exception of the vapor pressures on the warm sic 
of the test 


the first test and 0.1543 in. of mercury for the second 


wall. These were 0.3003 in. of mercury fot 


test, giving a difference of 0.146 in. of mercury The 
rate of condensation on the aluminum panel lining the 
inside of the sheathing was 1.53 g per square foot pet 


24 hours for the first test and —0.29 © for the second 


test, giving a total difference of 1.82 ¢. The rate of con 


densation per inch of pressure difference is therefor 
1.82 

— or 12.46. This value may be considered as 
0.146 


vapor conductance value in grams of moisture per square 


foot of area per 24 hours per inch of mercury pressure 


su 


lation up to the sheathing, and for convenience may b 


for the other 


drop tor the combination of plaster, metal lath and in 
designated as l’,. A similar calculation 
pairs of test values shown in the table gives the indi 
vidual values as listed with an average of 12.19 for th 
The 
considering the test method used, and the 
cate that the flow of vapor is in direct proportion to the 
drop in vapor pressure along the path of flow 


five cases. variation in these values is not great 


results indi 


A significant point to be noted from Table 6 is the 


marked effect of relative humidity of the inside air on 


the rate of condensation within the wall. For outsid 
temperatures of 10 or more degrees above zero a drop 
in relative humidity of the inside air from 40 to 20 pet 
cent entirely cleared up any condensation difficulties and 
reduced the amount of moisture previously accumulated 
in the wall. At 5 F 
of condensation was reduced by about 80 per cent, and 
at -11.4 F it was reduced 71 per cent by reducing the 
relative humidity of the inside air from 40 to 20 per 
‘rom these results it is evident that high relative 


outside air temperature the rate 


cent. 
humidity is one of the major factors in condensation 
problems and one of the first points which 
should be investigated when condensation 
occurs. Relative humidities of inside air 
should be controlled with reference to out 


side weather conditions 


| 
Test | Outsipe ConpITIONS t 
AND | Atr : INSIDE ON SHEATHING 
Periop | Temp. | Insipe | SurFace Ovtstpe | Grams/so FI j 
’ . > ic F y F f 2 OURS 4 : 
oe | Seok Pree) ae le Ae See Effect of Variable Outside Temperature on 
20-1 | 15.0 | 702) 407 | 0.3003| 0.1392 | 0.0565 1.53 the Rate of Moisture Condensation 
20-7 15.1 | 70.1 | 20.8 | 0.1543 | 0.1392 | 0.0568 0 29 12 46 : 
20-2 101 | 69.9! 406 | 0 2992| 0.1175 | 0 0442 1 55 in a Wall 
20-4 10.0 70.1} 20.6 0.1521 | 0.1175 0 0440 0 44 13 50 
20-3 50 | 703)! 407 | 0 3037 | 0 0980 | 0 0342 1 93 : : 
20-5 5.0 | 701] 206 | 0.1521 | 0.0980 | 0.0342 0 40 10.10 In most of the tests thus far made the 
20-2 | —114 | 704 | 400 | 0 3016 | 0 0566 0 0144 2 66 
20-13 | —11 4 | 700! 200 | 0.1480| 0.0561 | 0 0144 0.97 11 05 cold room temperature has been maintained 
74 99 | 70.0 41.0 | 0 3029 0.1159 0 0438 1 65 ; 
20-6 10.0 | 0.1157 | 0.0440 0 44 13 82 constant throughout an extended test period 


| 70.1} 206 | 0.1521 


*l’, = Calculated vapor transmittance coefficient from inside air to 
sheathing in grams per square foot per 24 hours per inch of Hg 








inside 
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‘ 
tia 
pressure difference 


and the frost accumulation in the different 
parts of the walls has been due to continuous 


‘ 1 








vniform temperature difference between the inside and 
outside air. In practice the outside air temperature does 
not remain constant throughout long periods, and even 
for rather extended cold periods there is a variation in 
outside temperature over the 24 hour period. The daily 
variation of temperature may be taken as approximately 
15 I, but the variation through any ordinary low tem- 
perature period will be much greater than this. The 
question naturally arises as to whether the condensation 
conditions within a wall are the same when the wall is 
subjected to a variable outside temperature condition as 
they are for the same wall subjected to a constant out- 
side temperature condition which would be equal to the 
average of the variable temperatures, all other condi- 
tions remaining the same. 

In order to compare the results which might be ex- 
pected for a given wall operating under uniform outside 
temperature conditions to those for the same wall oper- 
ating under variable outside temperatures having the 
same average as the uniform temperatures, consider a 
frame wall with 35¢ in. of insulation between the studs. 
Consider this wall to be subjected to a test condition 
consisting of warm air on the inside of the wall of 70 F 
and 40 per cent relative humidity, and cold air on the 
outside of O F and 50 per cent relative humidity, and 
compare the probable result for the same wall subjected 
to the same inside air conditions but with an outside 
temperature ranging from —20 F and 50 per cent rela- 
tive humidity to +20 F and 50 per cent relative hu 
midity, thus having an average outside air temperature 
of zero. 


Table 7—Caleulated Temperatures and Vapor Pressures Through 
Insulated Wall for Different Qutside Air Temperatures—Other 
Conditions Remaining Constant 


VAPOR PRESSURE 


INSIDE Atr Outsiwe Air | ia 
NSIDE | es) 





i | | | SURFACE | | | 
Temp. | TEMP. | | Temp. oF | INSIDE | SHEATH- | OursipE 
Dec P| R.H.% | Dec F | R.H.% |SuHeatninc]; Arr | ING | AIR 
70 40 0 | 50 | 11.9 0 2055 0 0693 10 0189 
70 40 — 20 5O 4 75 02955 | 0 0321 0 0063 
70 40 20 50 28 .5 0.29055 0.1535 | 0.0514 
j | 
(1) (0.2955 0.06938) VT’; (0.0698 — 0.018%) I’. rate of condensa- 
tion for zero degrees 0.2262 I’, — 0.0504 V2 — R,. 
(2) (0.2955 — 0.03821) V, (0.0321 — 0.0063) I’, rate of condensa- 
tion for — 20 F 0.2¢84 V, 0.0258 Vs Re. 
(3) (0.2955 — 0.1525) Vy — (0.1535 0.0514) V,= rate of condensa- 
tion for 20 F 0.1420 FV, 0.1021 V3= Rs. 
(4) Average of (2) and (3) 0.2027 V,—0.06839 V,= rate of con- 


densation for average of two conditions + 20 to —-20 F. 


Table 8—Relation Between Condensation Rate for Constant 
Outside Temperatures and for Variable Outside Air Tempera- 
tures for Walls and Attics 


Vapor Pressure In. HG 
sf INSIDE AIR ies eee deaiacta 7 — 
Test |Oursipe| Conpitions | 
AND | AIR cinatiaaiatidesd a 


CONDENSA- 
TION RATE 
ON SHEATH- 








INSIDE 











Periop | Temp | Insmpe |OvuTSIDE SurFACcE | ING GRAMS 
No. Dec F a AIR AIR OF | so FT/24 
| ‘ex FIR.H. * | SHEATHING Hours 
WALLS 
20-6 | +10 0 70.1 20 6 0.1521 0.0440 0.1175 | —0 44 
20-12 00 70.1 20 5 0.1514 0 0266 0.0815 | 0.64 
20-13 10.0 70.0 20 0 0 1480 | 0 0144 0 0561 0.97 
! 5 | as ae 
ATTICS 
20-6 |+10.0 | 70.1 | 20.6 | 0.1521 | 0.0440 | —1,.22 
20-12 0.0 70.1 20.5 | 0.1514 | 0.0266 — 1.76 
20-13 |—10.0 70.0 20.0 | 0.1480 | 0.0144 _ 2.52 
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Table 7 shows the temperatures and vapor pressures 
for the air on the warm side, the inner surface of sheath- 
ing, and the air on the cold side of the wall for the three 
test conditions. If it is assumed that the rate of vapor 
travel between two parts of the wall is equal to a con- 
stant multiplied by the drop in vapor pressure between 
these parts, then equations numbers (1), (2) and (3) 
show the rates of frost accumulation on the sheathing 
for the three test conditions, and equation number (4) 
shows the average for conditions (2) and (3) which is 
to be compared with test condition (1). An inspection 
of equations numbers (1) and (4) shows that the rate 
of vapor travel from the inside air to the sheathing is 
greater for the constant air temperature condition than 
it is for the variable air conditions. At the same time 
the rate of vapor travel from the surface of the sheathing 
to the outside air will be greater for the condition of 
variable air temperature than for the condition of con- 
stant air temperature. 

In order to check the correctness of these calculated 
results test data have been compiled in Table 8 for three 
tests, the first with a cold room temperature of +10 F, 
the second 0 F, and the third -10 F. All other condi 
tions were maintained substantially the same throughout 
the three tests. In the last column of the table the rates 
of condensation are shown, first on the surface of sheath- 
ing of an insulated wall without vapor barrier, and sec- 
ond on the underside of the roof over an unventilated 
attic with insulation in ceiling below. The average rate 
of condensation on the sheathing of the wall for the two 
tests of +10 F and —10 F is 0.265 g, whereas for the 
test at zero degrees it is 0.64 g per square foot of sheath- 
ing surface per 24 hours. For the underside of the 
roof over the attics the average rate for the two tests of 
+10 F and -10 F is 0.65 g as compared with 1.76 g 
per square foot of ceiling area at the zero degrees tem 
perature. These test results bear out the calculated re- 
sults as taken from figures of Table 7. It should be 
noted that the decrease in rate of condensation from 

10 F to +10 F outside temperature is greater for the 
roof over the attic than it is for the wall. This is due 
to the fact that for the attic the area through which the 
condensation leaves the attic is equal to the roof and 
gables, or about double the ceiling area, whereas in the 
wall the sheathing area is only equal to the inner sur 
face area. Thus when the rate of vapor travel from 
the condensation area is increased it has a greater effect 
on the rate of accumulation for the attic than it would 
have for the wall. 

These test results demonstrate the theory shown in 
the calculations and indicate that the test conditions of 
constant outside air temperatures are more severe in so 
far as condensation troubles are concerned than equiva 
lent variable air temperatures would be. 


Conclusions 


The conclusions reached from the investigation thus 
far made are as follows: 


1. There are several fundamental causes for condensation 
within buildings, and in general they may be classified under 
three headings: 

a. Operating conditions for buildings. 

b. Construction of buildings. 
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c. Outside weather conditions. 

In making an analysis of any problem all three should be 
considered, and in making corrections the causes under (a) and 
(b) must be coordinated to meet the requirements under (c). 

2. The operating conditions which are usually subject to 
control are: 

a. Relative humidity carried within buildings. 

b. Controlled ventilation of structures. 

3. The overall vapor transmittance for a wall or combination 
of materials appears to be directly proportional to the vapor 
pressure drop across the wall providing that there is no con- 
densation. The accumulation of moisture within any section of 
a wall is equal to the vapor transmittance from inside air to 
that section minus the vapor transmittance from that section to 
outside air. Reducing the relative humidity of the air within a 
building will reduce the rate of moisture condensation within the 
structure by a much greater percentage than the percentage of 
change in the humidity. 

1. It is possible to reduce the rate of condensation within 
the structure by ventilating to the outside. This method may 
be particularly effective in attics where the condensation occurs 
on the underside of the roof. Adequate ventilation may be 
obtained without serious loss of heat. 

5. Those factors which should be considered in new construc 
tion are: 

a. Build with special reference to vapor-proof construction 
on the inside of a building to prevent moisture from entering 
the walls or interior structure. 

6. Build with specific reference to allowing the vapor to vent 
through outside walls either with or without interchange of air. 

c. Use sufficient insulation to keep all interior surfaces above 
the dew-point temperature of the inside air. 

6. A good vapor barrier on the warm side of insulation is 


New Book on Forced 


In a sizeable volume entitled Winter Air Conditioning : 
Forced Air Heating, by S. Konzo, Research Assistant 
Professor in the Department of Engineering of the Uni- 
versity of Illinois, both scientific and practical informa- 
tion on forced air heating has been compiled for archi- 
tects, builders, heating and ventilating engineers, manu- 
facturers of heating equipment and heating contractors. 
The book embodies the detailed results of the exhaustive 
tests of forced air heating and winter air conditioning 
which have been going on for many years in the Re- 
search Residence at the University of Illinois, in con- 
nection with the research project financed by the National 
iVarm Air Heating and Air Conditioning Association. 
As a practical manual on the design, construction, in- 
stallation and actual operation in the home of the mod- 
ern forced air heating system, it is an important contri- 
bution to the extensive literature on heating and venti- 
lating. 

The book includes not only the complete University 
of Illinois test data to date, but brings together a con- 
siderable amount of other material not previously avail- 
able in one volume; all of it bearing directly on one or 
another practical aspect of the house-heating job. Other 
authorities are quoted freely, and due credit is given in 
every instance to their contributions to modern efficiency, 
economy and home comfort. 
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an effective method of dealing with the condensation problem 
at the time of construction. 

7. <A barrier underneath the plaster will not interfere with 
the drying out of the wet plaster or affect the quality of th 
finished plaster. 

8. A good vapor barrier construction may be obtained with a 
vapor-proof paper properly applied under the plaster or a vapor 
proof finish on the interior surface of the wall. 

9. For cold attic spaces it is desirable to allow openings for 
outside air circulation through attic space as a precaution 
against condensation on the underside of the roof even though 


barriers are used in the ceiling below 
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primarily to determine the cause of condensation within 
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Circulation Heating 


The main job, however, is of course Professor Konzo’s. 
He has done an excellent piece of work, not only in 
bringing together and arranging in clear and orderly 
fashion such an immense amount of diverse and useful 
information, but in presenting simply, logically and un- 
derstandably, the information gained from the extremely 
wide and varied range of tests with which he and his 
associates have been from the beginning identified. 

Quotation of a few of the 32 chapter headings will 
show the scope of the book and the completeness with 
which it covers everything the architect, the builder, the 
manufacturer or the heating contractor needs to know 
about modern forced air heating. These headings include: 
Comparison of the Gravity Warm Air Heating Plant and 
the Forced Air Heating Plant; Winter Air Conditioning 
and Human Comfort ; Comfort Chart and Effective Tem- 
peratures; Humidification Requirements and Limita 
tions; Humidification and Humidity Controls ; Filtration 
of Air and Air Filters; Heat Loss Calculations for Heat- 
ing; The Use of Dampers in Duct Systems; Rational 
Approach to Design of Duct System; Selection of Fur- 
naces and Burners; and Chimneys and Drafts. 

The book is $3.00 per copy and may be obtained from 
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Cardiac Output, Peripheral Blood Flow, 

and Blood Volume Changes in Normal 

Individuals Subjected to Varying 
Environmental ‘Temperatures 


By Ford K. Hick, M. D., Ph. D..* Robert W. Keeton, M. D..** 
Nathaniel Glickman, M. S.,.*** and Harry C. Wall, M. D.*+, Chicago, HL. 


This paper is the result of research sponsored by the AMERICAN 
Society OF Heatinc AND VENTILATING ENGINEERS in cooperation 
with the Department of Medicine of the University of Illinois 


HE human body maintains a nearly constant tem- 

perature by balancing its heat production against 

heat loss. DuBois has pointed out that in a man' 
millions of calories of heat produced are exactly balanced 
by heat loss over a period of years with surprising facil- 
itv. In the comfort sone? a human maintains normal 
temperature and a warm skin while losing 25 per cent 
of his heat by evaporation.* In the sone of cooling* a 
man loses heat largely through radiation until he chills, 
begins to shake, and raises his heat production to recover 
his normal temperature. In the sone of evaporative reg- 
ulation,’ he loses more than 25 per cent of his heat 
through the evaporation of water, and maintains a nor- 
mal body temperature until this mechanism fails. The 
whole study of heat regulation is then one of the physio- 
logical adjustments of the body to meet a_ physical 
problem in thermodynamics. When these adjustments 
occur smoothly and escape the attention of the individual 
When they proceed with more diffi- 
Comfort then becomes an 


he is comfortable. 
culty he is uncomfortable. 
index of the easy adaptation of the heat loss mechanism 
to the needs of the moment. 

In studies by DuBois, Winslow, and associates, many 
facts relative to heat loss through the skin have been 
detailed. They have noted that the delivery of heat from 
the deeper parts of the body to the surface is accom- 
plished chiefly by the circulation of the blood. It, there- 
fore, seemed imperative to make a quantitative study of 
the circulatory adjustments concerned in the transport 
and dissipation of heat. The present report details obser- 
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vations on the measurements of cardiac output, the 
quantity of blood flowing through the periphery, and the 
circulating blood volume. It is obvious that man must be 
used as the experimental subject in the physiology of 
heat loss, since he differs so widely from animals. 


Plan of Experiment 


Healthy subjects were studied under basal conditions 
in an atmosphere within the range of the comfort zone. 
When subjects have fasted for 12 hours and have re- 
mained quiet for one to two hours after a good night's 
rest they are under basal conditions. These subjects 
have a constant heat production varying little from one 
day to another. 

The atmosphere was next changed to the sone of 
evaporative regulation so that all the heat was lost by 
evaporation. The humidity governs the ease of heat loss 
in this evaporative zone, so the subjects were submitted 
to hot dry and hot wet conditions. All measurements 
were carried out two to three times on adult, normal 
subjects, one male and one female. 

The general procedure was such that the subject was in 
the hospital over-night, rested in the air conditioned 
room if it was comfortable, and remained quiet in the 
early morning until the work for that day was completed. 
If the room was uncomfortable, the subject slept in an- 
other room in the hospital and was wheeled into the air 
conditioned room between 5 and 6 A. M. and observa 
tions began two hours or more afterward. All observa- 
tions were therefore under post-absorptive or basal con- 
ditions and with a nude male subject and a practically 
nude female subject. The subject was on a bed. 


Procedure 


The man’s age was 22, height 7434 in., weight 168 Ib, 
DuBois surface area 2.0 square meters. The woman’s 
age was 24, height 63 in., weight 105 lb, DuBois surface 
area 1.45 square meters. 

Observations were made at three general conditions: 
a comfortable condition (about 84 F dry-bulb and 60 F 
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SuByect CONDITION Dry Buta, Wer Bute, 
TEMPERATURE, F| TemperRaATuRE, F 
Comfortable S40 63.5 
MO 4 6 
S40 61.7 
Average 
Hot and Dry 00 4 65.0 
I. Morgan oo 4 67.5 
(Female) | 99.5 71.6 
| Average 
| Hot and Wet (No fever 98 7 84.5 
Hot and Wet (Fever) 99 0 87.2 | 
| os 8 86.1 | 
99.5 00.0 | 
Average | | 
| Comfortable | 87.0 65 8 
| S58 63.8 
Average 
T. Schertz 
(Male) Hot and Dry 101 0 75.5 
99 5 64.5 
Average 
Hot and Wet (Fever 100.0 83.0 
99 3 86.0 
101.0 90.0 
wet-bulb), a hot dry, and a hot wet condition. To 


Table 1—Cardiae Output 


OXYGEN ARTERIO-VENOUS CARDIAC 

CONSUMPTION, OXYGEN OurTPUT, RecTAL PuLs 

CC /MIN DIFFERENCE L/MIN TEMPERATURE, I 
188 5-187 .5 695 27 4 
185 0-178 5 77 7 2.4 OS .4 r~ 
178 3-100 .5 64 9-76 5 2.7-2.5 97 9 th 
184 7 72.1 2.6 YS .2 © 
185 5-188 3 61 .3-73.4 ; 0-24 08 8 0 
181 .3-183.0 66.4-73.5 2.7-2 5 ns 4 ‘4 
185 8-182 .2 62 0 29 on 4 os 
184.4 67 27 OR 5 7) 
176 7 66.0 27 Ss 5 ‘4 
185 0 32 0-57 .1 | 3.5-3.2 99 2 ‘4 
193.3 2.8 3.7 99 .2 75 
215.3 | 511-55 9 ‘.2-3 .9 99 5 sé 
197 9 53.8 B.7 v9.3 “uy 
286 70 5-65 0 ii44 07 9 ” 
48-252 60 3-65 3 134 0 “7 4 is 
68 6 65 2 4.2 07 7 2 
261 5-280 56 0-555 is4 9% oy .1 1 
4 0-245 .3 4.3 17 so i 
200 2 55 3 is is 5S is 
285 0-287 .0 67 1-68 .3 46-4 .2 ow 0 yt) 
48 2-266 2 10.4 63-68 oo 4 os 
345 0). 7-5 6.8.2 101 4 su) 

Results 


insure that all the heat loss would be by evaporation in 
the hot conditions, the dry-bulb was set at 99.5 F and 
the wet-bulb adjusted to between 65 to 74 F for dry, 
and 85 to 91 F for wet conditions. The two hot periods 
differ only in moisture content. Air movement was kept 
constant and minimal. No drafts which would activate 
a precision balanced vane type anemometer were de- 
tected. The temperature of the walls was uniformly 
equivalent to air dry-bulb temperature. 

Cardiac output was measured by the method of Groll- 
man* as modified by McMichael’ to use the Van Slyke 
gas analytic apparatus. The oxygen consumption of the 
subjects was determined by analysis of expired air col- 
lected in a spirometer (Tissot tank). Skin temperature 
was obtained by multiple lead constantan-copper 
thermocouple apparatus patterned directly after that of 
Sheard*, using a potentiometer for measurement of elec- 
tro-motive force (E. M. F.). The mean skin tempera- 
ture, an average figure weighted according to the sur- 
face area of the parts studied, was calculated in the man- 
ner of Hardy and DuBois,® after measurement of 16 
separate points. 


a 


Blood volume studies were carried out 
using a technique described by Gibson and Evelyn’? with 
surprising ease in reproducing results. 

In determining venous oxygen saturation blood was 
drawn from a superficial vein at the elbow without a 
tourniquet. The samples were collected without contact 
with air and analyses were carried out as described by 
Van Slyke et al.” 

Measurement of the rate of insensible loss of weight 
was carried out on a balance sensitive to less than one 
gram. 

‘The 


Cardiac of 


c Output Man in Health and Disease, by Arthur Grol! 
man. (Thomas, Springfield, Tl.. 1932.) 

*Postural Changes in Cardiac Outeut and Kespiration in Man, by 
1. MeMichael and |} Johnston (Ouarterl lournel of Experimental 
Physiology, 27:55, 1937.) 

*The Electrom tive Thermometer An Instrument and a Method for 
Measuring Intravenos, Sunerficial. and Cavity Temperatures, by Charles 
Sheard. (American Journal Clinical Pathology. 1:209. 1931.) 

*The Technic of Measuring Radiation and Convection. by J. D. Hardy 
and E. F. DuBois. (Journal of Nutrition, 15:461, 1938.) 


“Clinical Studies of the Blood Volume IV. Adaptation of the Method t 
the Photoelectric Microcolorimeter, by 1. G. Gibson, I] and K. A. Evelyn 
(Journal of Clinical Investigation, 17, 153, 1938.) 


“Quantitative Clinical Chemistry, by J. P. Peters and D. D 
(Vol. TI, p. 


. Williams and Wilkins Co., Baltimore, 1932.) 


Van Slyke 
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Cardia Output 


Table 1 lists the essential data on cardiac output on 
these subjects. The rectal temperatures show anticipated 
variations. Subjectively the hot, wet atmosphere was 
extremely uncomfortable. In this condition the elimina 
tion of heat is difficult and at times there is an actual 
retention. y the elevation of the rectal 
temperature above 98.6 F. With a retention of heat ther: 


is an elevation of the oxygen consumption and a cor 


This is shown by 


responding increase in cardiac output. Unless such a 
retention of heat occurred there was no change in the 
cardiac output. The pulse rate is very low under com 
fortable conditions on these two subjects. It is somewhat 
Obvi 
ously the pulse rate changes do not parallel changes in 
cardiac output. 


higher in the hot dry conditions in the woman, 


Blood Flow Through the Periphery 

A. blood 
have a low or negligible power of thermal conduction. In 
fact, experimental work" indicates that the body tissue 
is a good insulator. Virtually all the heat reaching the 
body surface is brought by the blood and so the heat flux 


Conductance: Tissues without circulating 


becomes an index of blood flow through the surfaces 
The quantity of heat which must be eliminated depends 
on the metabolism of the tissues, which, of course, is 
determined by the oxygen consumption. Conductance of 
the Superficial Tissues is a concept that has been used by 
both Hardy and DuBois** and Winslow et al,’* and has 


been formulated to include the factors mentioned. The 
formula of Winslow is as follows: 
M+S 
"  A(Toa—Te) 
where M is heat produced and S$ is heat stored, both 
expressed in kilogram calories per unit time. A is the 


area of the body as designated by the DuBois formula." 


7, is body or rectal temperature (Centigrade). Ts is 


| 

"The Physi Laws Heat Loss from the Human Body, by J. D 
Hardy (Proceedinas f the National Academ Scr s, 23, 631. 1937 

BT oc Cit See Note 4 

“Physiological Reactions of the Human Body to Varying Eavironmental 
Temperatures. by C.-E. A. Winslow, L. P. Herrington and A. P. Gagge 
(American Journal of Physiology, 120:1, 1937.) 

%A Formula to Estimate Approximate Surface Area If Height and 
Weight Be Known, by E. DuBois and E. F. DuBois (Archives of 
Internal Medicine, 17:863, 1916.) 
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Table 2—Peripheral Blood Flow—Conductance 





















































OXYGEN : : CONDUCTANCE 
SUBJECT CONDITION Dry Bute Wer Bute CONSUMPTION MEAN SKIN RECTAL Tr — Ts KILOGRAM H# Loss, 
TEMPERATURE, F| TEMPERATURE, F cc /MIN TEMPERATURE, F| TEMPERATURE, F Cavories/FP/min | GRAMS/MIN 
84.5 64.5 cennsens 7 93.7 98 4 47 . er 0 442 
84 ( “4.6 185 0-178 .5 92.4 97 5 5.1 0.17 0.438 
Comfortable 83.4 ae -° tae aie 92.3 98 .2 5.9 cate ; 0.511 
84.0 63.5 188 5-187 5 ee Pe Oe shoe Rite cla ‘ 0.442 
84.0 61 7 178 3-190 .5 92.7 97.9 5.2 0.17 0.460 
Average | 184 7 92 8 98.0 5.3 0.17 0.459 
J. Morgan Hot and Dry 99.4 65.0 185 5-188 .3 | 96.8 98.8 20 0.45 2.234 
(Female) 09 4 67.5 181 3-183 .0 96.3 98 4 2.1 0.42 2 .235 
99.8 71.9 eteasthe 96.7 98.9 2.2 , : 2.584 
99.5 71.6 | 185 8-182 2 | 96.2 98.4 ee | 0.40 2.457 
Average | | 184.4 | 96.5 98.6 | 2.1 0.42 2.378 
Hot and Wet | 98 7 84.5 176.7 97.3 98 .8  - 0 57 2.777 
(No fever } 99 5 81.5 : eolees 96.9 98.8 19 2.362 
99 5 | 81.0 chucuhakonied 97.1 98 .6 1.5 2 236 
| Average | 176.7 97.1 98 7 1.6 0.57 2 458 
| 
Hot and Wet | 98.8 | 86.1 193.3 97.8 99 2 1.4 0.67 2.313 
(Fever 99.0 87.2 176 97 6 99.2 1.6 0.53 2.841 
99.5 90.0 215.3 98.0 99.5 1.5 0.69 3.774 
Average | 194.9 97.8 99.3 1.5 0.63 2.976 
85.8 63.3 | 268-252 92.9 97.4 4.5 | 0.28 | 1.36 
Comfortable 86.0 | 63.5 | 272 93.8 98 .2 44 0.30 | 1.33 
87.0 65.8 286 93.8 97.9 4.1 0 34 1.28 
Average 269 93.5 97 8 4.3 0.30 | 1.32 
| 99 5 | 4.5 | 254 0-245 .3 96 6 985 1.9 0 64 3.30 
lr. Schertz Hot and Dry 99.5 | 68.1 ves 96.4 98 .2 18 ; cone 
(Male) | 99 5 | 70.0 251 96.9 98 .6 1.7 0.71 3.46 
99.0 | 73.0 96.8 98 5 1.7 ‘ ee 
’ 99.5 75.0 96.9 98 5 1.6 | 
Average 250.1 96 7 | 98.5 1.7 0.71 3.38 
| 
Hot and Wet 100 0 84.0 | 285-282 97 3 99.2 19 | 0 72 5 8! 
| 98 7 S48 ; oan 97.1 } 99.3 oa 5.20 
98.8 85.0 | me 97 .3 99.4 2.1 | 5.50 
| | 99.3 | 86.0 266 .2 } 97.9 | 99 4 | 15 0 85 
Average 277.7 97 4 99 3 } 1.9 0.71 > 47 


| 


flow through an extremity in man.'® Since oxygen con- 
sumption, or heat produced in an extremity, does not 
change under different environments, the oxygen satura 
tion figures on venous blood become an index of rate 
M of blood flow. Arterial blood normally is 95 per cent sat 
C=—— urated with oxygen. Under the comfortable conditions 
Tr—Ts ‘ . on 4 2 

the venous blood bears about 70 per cent saturation with 

considerable individual variation. This was observed to 
be elevated significantly in four of the five subjects under 
hot dry conditions. Under hot wet conditions the sat- 
uration of venous blood approximates arterial blood in 
three of the five subjects. Apparently the circulation 


mean weighted skin surface temperature (Centigrade). 
In Table 2 the conductance values for the two subjects 
are shown. In computing these values the following 
formula has been used: 





where M is total metabolism of the subject expressed in 
kilogram calories per minute, 7, is rectal temperature, 
and Ts is weighted mean body surface temperature in 
Fahrenheit. 

The heat loss in the conductance formula was taken 


to be equivalent to the heat production as measured by 
oxygen consumption. This is, of course, an approxima- 
tion, which is justified by the absence of change in rectal 
temperatures. Storage therefore, may be neglected. The 
conductance is figured for the subject as a whole rather 
than for a unit area. Hence the factor A is omitted. 
Conductance values derived by this formula for an in- 
dividual cannot be compared with values from other 
individuals. 


through an extremity can exceed in extreme heat eight 
times that under comfortable conditions. 

These data supplement the data on conductance in that 
the hands (probably the feet) can open capillary beds 
widely and tolerate a maximal rate of blood flow through 





1*8Intermittent Venous Hyperemia in the Treatment of Peripheral Vascular 
Disease, by G. DeTakats, F. K. Hick and J. C. Coulter. (Journal Amer 
ican Medical Association, 108:1951, 1937.) 




















It is apparent at a glance that the conduct- Table 3--Peripheral Blood Flow--Venous Oxygen Saturation 
4 . - . = - — ee y a = - — - a a ] _ = = 
ance or the peripheral blood flow Tises as the | Dry Burs, | Wer Burs, | Venous | HEmoctos, 
mean skin temperature rises. This rise from SuBJECT CONDITION Team, meen TEMPERATURE,| OXYGEN | GRAMS PER 
- | J SATURATION, } 100 cx 
the comfortable to the hot dry atmosphere is of Pex CENT | 
considerable magnitude, and would indicate G. Brebis | Comfortable | 84.8 56.5 | 54.8 6 
. . Oo Ty wy .f a2 4 5 
that the peripheral blood flow was increased Hot Wet 98 8 90 8 91.0 144 
250 per cent. The increase in conductance from Gregoric Comfortable 84.7 56.5 7 5 13.2 
> ° ry 09 5 62.7 Y 3.3 
a hot dry to a hot wet atmosphere is not so Hot Wet 98.8 90 8 93.4 14.2 
great (35 per cent) in subject Morgan and McKeever | Comfortable 4.7 56.5 65.8 13.5 
/ ‘ ot Dry 99! 62.7 81.2 14.1 
even less in subject Schertz. Hot Wet 98.8 90-8 93.0 14.8 
B. Venous Oxygen Saturation: Table 3 Carlsor Comfortable 82.5 60.0 70 15.5 
nai Hot Dry 99.2 62.2 73.2 16.6 
presents venous oxygen saturation results on Hot Wet 99.5 90 3 84.0 16.5 
five healthy male subjects. This measurement Schertz Comfortable 81.5 62.0 60 | 138 
‘ : Hot Dry 99.5 64.5 7.2 
has been used in the past to study rate of blood Hot Wet _|. SR PS eee re TG eee herkene 





wn 
to 
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Table 4—Blood Volume Studies appear that the body should possess 





| a mechanism of increasing the cat 




















_ Dry-Bus, Wer-Bu.s, PLASMA | CIRCULATING HEMATO PuLst tig rts 
SuBject CONDITION TEMPERATURE, F| TemPpeRATURE, F| Vo_LuMeE, . BLoop CRIT diac output to facilitate greatel 
cc OLUME cc | 2 ; ° 
ee ee ee ee -- movement of blood through the skin 
J. Morgan | Comfortable 83.4 62.0 2342 3747 37.5 63 : ° : or 
Hot and Dry 99.8 71.9 2453 3882 36.8 70 in the presence of great heat. The 
Hot and Wet 98.7 e405 2778 4375 35.5 74 ‘ 
— tate ti =e Pe data do not show this, however. 
T. Schertz | Comfortable 81.5 62.0 4651 SISO 43.2 is on ss . sie 
Hot and Dry 9 5 68.1 4808 $108 10.7 50 rhese observations are quite limited 
Hot and Dry 101 0 75.5 4902 $239 10.5 49 . . ‘ 
Hot and Wet 100.0 83.0 5263 S831 10.4 Dt) in number but appear significant. 
—_— ——— a Ci - - —--- Christensen’® found that in work 
cardiac output is a function of the 
them. The conductance values mentioned do not show heat production and does not rise until heat production 


such a great change in blood flow, because they are de- 
rived from a mean skin temperature weighted to include 
the surfaces of the body which cannot tolerate excessive 
flow of blood through the skin, In general the skin over 
the trunk, thighs, and shoulders does not have the num- 
ber of available capillaries to open during hot exposure 
which are found in the skin of the hands. 

Water loss is shown in Table 2 in grams per minute. 
In the hot dry condition where the sweat produced 
approaches the amount lost in the hot wet condition, 
the skin of the female subject was usually dry to the 
touch and definitely cool. The male subject produced 
excessive quantities of sweat in the hot wet environment, 
much of which ran off without evaporating. He, too, 
usually had most of his body dry to the touch while in 
the hot dry condition. Obviously the quantity of water 
lost through sweating bears no constant relationship to 
the rate of blood flow through the skin as measured by 
conductance or venous oxygen saturation. There is some 
relationship of heat loss by evaporation and circulation 
through the skin until free sweating appears. 

C. Blood Volume: Blood volume studies have been 
completed on a male and female subject under hot, wet 
and hot, dry, as well as comfortable conditions. The 
results are presented in Table 4. There is an observed 
rise of about 8 to 12 per cent in these two subjects in 
hot, wet conditions. Bazett'’ has observed a rise in cir- 
culating blood volume in hot conditions after days of 
exposure. The results presented in this paper are after 
only a few hours, two or three, of hot wet condi- 
tions. Apparently the body calls on its store of water to 
raise the blood volume as the capillary bed in the skin 
dilates. This was independent of fever for the rectal 
temperature was 99 F in Schertz and 98.8 F in Morgan 
on the days of the hot, wet conditions. 


Discussion of Results 


It appears that the rate of blood flow through the skin 
governs its temperature and that the skin temperature is 
the delicate mechanism for controlling loss of heat to 
meet the needs of the individual. The skin being dry or 
wet, however, depends on the humidity in the presence 
of a high dry-bulb temperature. With a low humidity in 
the evaporative zone the skin temperature is lower than 
with a high humidity, the dry-bulb remaining the same. 
This has been long well known and accounts for the 
ability of men to work in deserts, and the difficulty of 
hard physical work in the tropics."* 

That the cardiac output does not rise as soon as the 
pulse rate is a matter of considerable interest. It would 





“Cardiovascular Changes in a Hot Room, by H. C. Bazett, J. C. Scott 
and F. W. Sunderman. (American Journal of Physiology, 123:11, 1938 
“Life, Heat and Altitude, by D. RB. Dill. (Harvard University Press, 


Cambridge, 1938.) 
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rises. Data resulting from the studies reported here sup 
port the concept that with rising environmental tempera 
ture the skin temperature rises as a result of deflection 
of blood through the skin. This does not entail an in 
creased cardiac output and may not require an increased 
pulse rate. In fact the pulse rate may rise without the 
cardiac output rising, which constitutes a type of ineffi 
cient heart action, 

As the rectal temperature rises the heat production 
rises and cardiac output goes up. 

The requirement of heat loss does not dictate cardiac 
output. It does dictate mean skin temperature and rate 
of blood flow through the skin. 


Conclusions 


The cardiac output does not rise on exposure of a 
resting man to hot conditions until his metabolism (heat 
production) rises. 

The blood flow through the periphery, particularly th 
hands, becomes very great as the mean skin temperature 
approaches the rectal temperature. 

The blood volume rises within periods of two or three 
hours exposure to hot, wet conditions. 

Cardiac output is governed by heat production. 

The skin temperature can be duplicated from one day 
to another in controlled rooms. It is the delicate mech 
anism governing heat loss. In the evaporative zone it is 
partly governed by humidity. 

Venous oxygen saturation in superficial veins is an 
index of rate of blood flow through an extremity. Fig 
ures as high as 93 per cent of saturation were observed 
in hot wet conditions. 
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New Headquarters for British Institution 


The Institution of Heating and Ventilating Engineers 
of England have announced a change of address to 2? 
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Recent Advances in Physiological 


Knowledge and Their Bearing on 
Ventilation Practice 


Report of the ASHVE Research Technical Advisory Committee on Physiological Reactions: C.-E. A. 
Winslow, Chairman; T. Bedford, E. F. DuBois, R. W.Keeton, A. Missenard. R. R. Sayers, and C. Tasker 


Introduction 


UBSTANTIAL advances have been made in re- 

cent years in the understanding of the funda- 

mental physiological problems underlying the art 
of air conditioning. It is both unnecessary and im- 
practicable to review here all the researches which have 
been published in England, France, and Canada, and 
at the ASHVE Research Laboratory, the U. S. Bureau 
of Mines, Cornell University, Harvard University, the 
University of Illinois, the Russell Sage Institute of 
Pathology, the John B. Pierce Laboratory of Hygiene, 
and elsewhere in this country, but it does seem worth 
while to call attention to a few of the salient points which 
have been brought out and to indicate certain of the im- 
mediate implications of these researches for air condition- 
ing practice. 

It may safely be said that the course of physiological 
and clinical studies has consistently tended to emphasize 
the problem of heat interchange between the body and 
its environment as of basic and fundamental importance. 
The search for mysterious chemical and electrical rela- 
tionships has continued, but to date there is no valid 
evidence that any such influences are of material sig- 
nificance under ordinary living conditions. All care- 
fully conducted work on the physiological effect of ions 
has been negative and there is nothing to encourage 
the wider usage of ionization. 

Ozone has been used with success for the destruction 
of micro-organisms (molds) in meat packing establish- 
ments and the like; and where considerable amounts of 
organic effluvia are present this substance may be useful 
as a deodorant. For ordinary ventilation practice, how- 
ever, neither of these purposes can be usefully attained, 
since the concentration of ozone necessary for effective- 
ness would be likely to transcend the limit of comfort 
in ordinary occupied rooms. While ozone has been used 
in the treatment of certain diseases, there is no evidence 
that it has a tendency to increase comfort or to benefit 
health under conditions of normal human occupancy. 
Little or nothing has been added to the old conclusions 
of the New York State Commission on Ventilation that 
in the school room the use of ozone would be objection- 
able rather than desirable. The practice had its advo- 
cates for a period in St. Louis, but the expensive appa- 
ratus and installation has been completely abandoned. 

It should be noted that this report deals with physio- 
logical reactions to the air of ordinarily occupied rooms 
and does not consider the removal of industrial dusts 
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or the destruction of germs of communicable diseases 
in the atmosphere. These problems fall within the scope 


of other committees. 
Zones of Physiological Response 


So far as physiological reactions in indoor spaces, 
under conditions of normal human occupancy, are con- 
cerned, the basic problems are thermal in nature. Per- 
haps the first point of importance brought out by re- 
cent studies is the fact that the reactions involved in 
a cold and in a hot environment are radically different 
in nature. Therefore, any attempt to formulate simple 
engineering relationships covering the entire thermal 
scale are obviously doomed to failure. The most com- 
plete information available relates to the lightly clothed 
subject’ in a semi-reclining position (John B. Pierce 
Laboratory). These experiments indicate that the 
clothed, semi-reclining subject exhibits normal and easy 
physiological regulation between air temperatures of 77 
and 86 F (25 and 30 C). Above 86 F (zone of evap 
orative regulation) the individual adapts by active sweat 
secretion. Below 77 F the skin temperature falls, but 
adaptation is incomplete and the temperature of the 
body tissues falls more or less continuously (zone of 
body cooling). 

Fig. 1 shows physiological changes in these zones for 
such clothed, semi-reclining subjects. In the zone of 
evaporative regulation, metabolism remains constant and 
increasing evaporative heat loss just balances decreasing 
heat loss and increasing heat gain (above the zero line), 
due to rising operative temperature. In the zone of 
body cooling, metabolism rises a trifle, below 68 F 
(20 C), evaporative heat loss falls very slightly, and 
storage (cooling of the body tissues) rises sharply as 
heat loss due to convection and radiation increases. 

The conception of storage is essential for an under- 
standing of the reactions of the human body to its en- 
vironment. As used in this report, it implies a rate 
of cooling (or heating) of body tissues and, according 
to convention, positive storage involves cooling, and 
negative storage, heating, of the tissues. This process, 
if cooling is rapid, cannot be measured by rectal tem 
perature, since a change in the temperature of the circu- 
lating blood lags far behind the cooling of the skin 
and the muscle masses in the limbs and other organs. 
Furthermore, the process may continue for a long period ; 
in certain recent experiments, both skin temperature 
e two-piece suit of cotton underwear, a cotton shirt without tie, socks, 


low leather shoes, and a dark gray, single-ply suit with three-quarter lined 
coat and fully lined vest. 
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Fig. 1—Relation between metabolism, storage, evaporation, 


radiation plus convection, and operative temperature for the 
clothed subject 


and rectal temperature were found to be still falling 
after a period of six to eight hours on exposure to a 


cold environment. 
Reactions in the Cold Zone 


An interesting point indicated by the studies at the 
John B. Pierce Laboratory is that when a given oper- 
ative temperature (that is, the temperature which should 
physically exert a certain calorie-demand upon a body 
of fixed surface temperature) is produced by (a) air 
and walls at approximately the same temperature, (>) 
colder air and warmer walls (in the zone of body cool 
ing), the skin temperature falls to a lower point for 
the cold-air warm-wall situation, thus decreasing the 
actual rate of heat loss. The reason for this effect is 
somewhat obscure, but it related to 
local stimulation by the colder air exerted on the mem- 
branes of the nose and throat and to the greater chilling 
of the exposed skin surfaces when those parts of the 
body are moved. Studies made at the John B. Pierce 
Laboratory in this connection indicate surprising influ- 
ences on decrease in skin temperature exerted by brief 
cold stimulation of small regions of the body, as by an 


is believed to be 


ice bag on the neck. This is of some practical interest 
as indicating that warm walls with cool air tend to pro- 
mote vaso-motor adjustment of the body to the thermal 
environment, and that extreme local chilling, as by 
localized drafts, may well be harmful. 

An important point which has been brought out in 
these studies is the very minor effect of variations in 
relative humidity in the zone of body cooling. Below 
an air temperature of 77 F (25 C)—for the clothed, 
semi-reclining body—sweat secretion is minimal (only 
a quarter of the total heat loss) and variations down- 
ward in the relative humidity of the atmosphere exert 
only a minor effect upon evaporative heat loss. The 
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at the kin 
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reason for this is that the vapor-pressure 
(at YI FF, or 33 C) is 1.47 mm. of mercury; w 
C), SO pet 


suriacc 


in air at 7O F (2) cent saturated, it 1s 


0.58—a gradient which permits full evaporative 


Under conditions of low ait 


only 
heat loss. movement, and 


with a relative humidity of 30-35 per cent, the evap 
orative heat loss is about 4 kilogram-calories per square 
meter (1.5 Btu per square loot) per hour yreatel than 
with a relative humidity of 75-80 per cent Phis is the 


equivalent of increasing the air temperature by less 
than 1 F. 

excessive atmospheric humidity at low temperatures 
may exert a chilling effect through increased conduc 


tivity of the clothing. General empirical impressions in 


dicate that this factor may be an important one, but it 
has not as yet been sufficiently studied under laboraten 
conditions. 

lleat losses Irom the bao«ly im the ee ld Zorn im then, 
influenced chiefly by air and wall t mperatures, al d very 
markedly by air movement Phe effect of the quanti 
tative influence of air movement has not as yet been 
fully worked out, and long-time experiments with thi 
end in view are now in progress It is known, how 
ever, that air movement greatly increases the heat lo: 


at thr 


i miperature 


in a cold environment. Recent studies 


lierce Laboratory indicate that at an ai 
of 70-72 F 


from 17 to 100 linear feet pet 
equivalent to a drop of 7 deg in operative 


(21-22.5 C) an increase in air movement 
minute is approximately 
temperature 


It is generally assumed, though without exact physio 


logical observations, that moderate and variable air 
movement is favorable to comfort \n air temperature 
of 72 (22.5 C) is definitely comfortable with an air 
movement of 17 fpm; detinitely uncomfortable wit! 


movement of LOO fpm. It has generally been found that 


sons at res 


50 fpm is an upper limit of comfort for per 


Results for storage as here cited, 


ing temperature of body tissues over a two-hour period 


refer to the decreas 


It is obvious that this process cannot continue indefi- 
nitely, and members of the Committee are now conduct 


ing long-time experiments to determine how 


1 


and when 
state of thermal balance between thi 


vironment may ultimately be reached 


Reactions in the Hot Zone 


Passing to the hot zone (above 86 F-30 C for the 


clothed, semi-reclining body) an entirely different rela 


Until the upper limit of adjustment 


re ached, sweat secretion through a very pertect physio 


tionship exists. 


logical adaptation—increases steadily to produce the « 


porative heat loss necessary to maintain heat balance |» 
tween the body and its environment This process, al 
though successful as a regulatory factor, may be accon 


panied by symptoms of marked discomfort 
It is important to note that this automatic regulation 


} 


of thermal interchange in the hot zone is accomplished 


with remarkable success, however the theoretical heat 
loss demand may be 
relative humidity and air movement as well as of opera 


It has, however, a very definite upper 


; 


modified by varying conditions « 


tive temperature 
limit at the point at which the sweat secretion accumu 
1 


lates and runs off the body without exerting furthe 


ing effect Studies at the John B. Pieres Labo: story 


have established upper limits for the clothed, semi-reclin 




















Table 1—Upper Limits of Evaporative Regulation 
ENVIRON MENTAL 
: TEMPERATURE Retative Humuipiry 
F c Per Cent 
126.9 52.7 0 
122.0 50.0 5 
113.0 45.0 18 
108.5 42.5 26 
104.5 40.0 38 
99.5 37.5 51 
95.0 35.0 69 
90.5 32.5 89 
87.8 $1.00 100 














ing body at an air movement of 17 linear feet per minute 
as given in Table 1. 

These figures should be of interest for comparison with 
the very valuable studies being made by another Society 
Research Committee on Air Conditioning in Industry 
with regard to the upper limits of temperature and hu- 
midity which are bearable in the course of various kinds 
of industrial work. It should be noted that the data cited 
apply to a resting position with a low metabolic rate, and 
the quantitative limits of the various zones must certainly 
vary directly with changes in metabolism. 

It should be understood that such figures as those cited 
may not necessarily represent the limit of human endur- 
ance. When a point is reached at which evaporation of 
sweat can no longer dissipate the heat produced by meta- 
bolism, adjustment may be reached (particularly in the 
acclimatized subject) by an increase in skin temperature 
and by negative storage. A. Missenard, in observations 
on nude workers in a potash mine in France, has found 
that they were able to perform light work for six consecu- 
tive hours with an air temperature of 110.5 F (43.6 C) 
and a wall temperature of 114.5 F (45.8 C) and 40 per 
cent relative humidity. At high air temperatures, the 
effect of an air movement of 100 fpm is to decrease dis- 
comfort (from its effect on evaporation), even when the 
air temperature is actually above the temperature of the 
skin. 

In practice, one of the most important problems of air 
conditioning is stratification of temperature. It is prob- 
ably important for comfort as well as for heat economy 
to make the differential between floor and ceiling as small 
as possible. 

Just as the effect of cold air may be balanced by that 
from hot walls, so Dr. C. A. Mills has pointed out that 
hot air may be made comfortable by the counter-effect 
of radiation to cold walls. The quantitative details have 
not as yet been worked out but are at present under study 
by committee members. It should be pointed out, how- 
ever, that there is no reason to expect any particular 
physiological values to be introduced by a situation of 
this kind, while a combination of hot air and artificially 
cooled walls would be one which would be highly costly 
to maintain in practice. 


Calorimetric Experiments on Nude Subjects 


The results reported, from experiments with clothed 
subjects at the John B. Pierce Laboratory of Hygiene at 
New Haven, are in substantial accord with a series of re- 
searches conducted at the Russell Sage Institute of Path- 
ology in New York. These observations have been care- 
fully made in a calorimeter which records simultaneously 
the heat production, the heat losses, the vaporization, 
radiation, and convection. The subjects’ notes of mental 
state are also preserved. Studies have been made on 
effects of fall in body temperature and on normal chill 
mechanism, and with alcohol, the effects of hot and cold 


~~ | » ete . Ae 


drinks, and the sensory thresholds to hot and cold stimuli. 
In all work on air conditioning it is of prime impor- 

tance to make proper allowance for the clothing and ac- 
tivity of the subjects. This is brought out in Fig. 2. The 
first three diagrams are based on studies in the respira- 
tion calorimeter showing the physical and physiological 
changes with rising temperature. The fourth is based on 
only two experiments. The fifth and sixth are largely 
extrapolations, as the apparatus was not suitable for 
measurement of metabolism more than three times the 
basal level. 

It is suggested that diagrams of this type may serve 
as a basis for a study of the physiology of air condition- 
ing. For example, an analysis of the diagrams shows 
the following. 

I. Reactions of Body to Different Environmental Tem- 
peratures. For Nude Subjects Lying in Bed. 

1. Cold Zone 83 F (28 C) and below. 

No control of heat loss; body temperature main- 

tained by chills. 

Blood vessels of skin are maximally constricted 

throughout the zone; body cools as a_ physical 

object in accord with Newton’s Law. 

Evaporative loss = one-half respiratory and one- 

half seepage through skin. 
= constant. 

Chills brought on periodically when mean body 
temperature has fallen 1.2 F (0.65 C). Alcohol 
anesthetizes chill mechanism. Chill with alcohol 
occurs after a degree or more fall in temperature. 
Zone of vasomotor control 83 F-68 F (28 C-31 C) 
(Comfort Zone). 
Subjects most comfortable; no progressive 
changes in body temperature. Blood flow to the 
skin changes so that heat loss is automatically ad- 
justed to the environment. No generalized feel 
ings of warmth or cold; no sweating. Chills are 
asily evoked with cold drinks. Sweating is 
evoked by hot drinks. 

3. Zone of vasomotor and evaporative regulation 

88 F-98 F (31 C-36 C). 

Peripheral blood flow increases in proportion to 
temperature. Sweating (at constant low humid- 
ity), in proportion to temperature. Body cool- 
ing is adequate ; general level of body temperature 
is higher, pulse rate increases in proportion to 
temperature. Body is continually stimulated by 
sensations of heat which are uncomfortable, but 
which are necessary to thermal regulation. 

At higher temperatures, even though the body 
may be able to cool itself from a physical stand- 
point, reactions to heat may be anomalous, caus- 
ing heat stroke and exhaustion. 

If. It is important to note that a rise in skin tempera- 
ture of 0.0025 C will evoke a sensation of warmth in 
three seconds, and a fall in skin temperature of 
0.004 C in one second will produce a cold sensation. 
The peripheral sense of heat or cold is not changed 
by exposing more of the body if the head is once 
exposed. The head (face and neck) are the most 
sensitive portions of the body to thermal stimuli. 
The backs of the hands are next. Calorie for calo 
rie, cold radiation causes twice the skin temperature 
change that is produced by heat radiation. Local vaso- 


i 
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motor response to thermal stimuli occurs after two 
minutes at points stimulated. The result is that 
cold radiation causes a three- to four-fold greater 
change in exposed skin temperature than does heat 
radiation. 

The threshold for pain is lower for cold than for heat 
and of a different quality. Various types of heat radia 
tion have different sensory thresholds. 

The following differences are noted between men and 
women. In the cold zone the thickness of the thermal 
insulating tissues of women is almost double that of men, 
although the sensory responses to cold are similar. In 
the hot zone the threshold to sweating is higher and skin 
temperature levels are also higher. 


Problems of Comfort 


It will be noted that the operative temperatures cited 
for thermal equilibrium appear distinctly high as com- 
pared with the commonly accepted standard of 68-70 F 
(20-21 C) for schools and similar occupied spaces. It 
should be expected that in the long run the comfort zone 
must coincide with the area of thermal adjustment with 
minimum physiological effort, and this adjustment, as 
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noted, is reached for the clothed subject in a semi-reclin- 
ing position, at approximately 80 F (26.7 C) operative 
temperature, corresponding to 74 F (23.3 C) effectiv 
temperature (with 50 per cent relative humidity ). 

In the very valuable field studies made by the Society 
at Pittsburgh, Minneapolis, Toronto, and Texas A. & M. 
College in regard to summer cooling requirements, effec- 
tive temperatures of 71 F (21.7 C) or thereabouts, cor 
responding (with 50 per cent relative humidity) to an 
operative temperature of 76 F (24.4 C), seem to be 
preferred. 

On analysis these results do not seem inconsistent with 
each other, or with earlier practice. Both physiological 
adjustment and sensations of comfort will vary with three 
factors; the heat production of the organism (metabol 
ism), the clothing worn, and the acclimatization associ 
ated with the season of the year. Such results as those 
obtained at the Pierce Laboratory, which indicate an 
optimum around 80 F (26.7 C) operative temperature, 
will obtain in a semi-reclining position, with metabolism 
at a low level and with light clothing. The fact that the 






*Reference is here, of course, made not to basal metabolis: 
which is relatively constant, but to the actual mean daily 
affected by the activity of the subject 
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Fig. 2—The relation of atmospheric temperature and metabolism to various types of heat loss and comfort for the nude subject 


In the first four diagrams, the ordinates represent rectal and skin tem- 
peratures (above) and calories of heat production and heat loss (below); 
the abscissae represent air and wall temperatures, which were identical 
Heat loss is divided into radiation, convection and vaporization. In the 
last two diagrams, the ordinates represent heat production and heat loss 
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using the basal (minimal) metabolism as a unit equal to one; the abscissac 
represent activity of the subject in terms of basal metabolism reten tine 
basal value corresponds to walking slowly and six times the hasal value 
to heavy labor. 
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ASHVE experiments on summer cooling were made 
with subjects having a substantially higher metabolism 
(since they were at work and not reclining), should ac- 
count for the 4 F (2 C) lower optimum observed. Earlier 
observations in school rooms pointing to a desirable oper- 
ative temperature of 70 F (21.1 C) or below were ob- 
tained with a physical activity more or less comparable 
with that of less active factories, with relatively high 
metabolism on account of the fact that the subjects were 
children, and with heavy clothing, and acclimatization to 
winter conditions. (All these data are associated with 
low air movement. ) 

It is interesting to note that the New York State Com- 
mission on Ventilation found operative temperatures be- 
low 55 F (182. C) preferred by students in a gymnasium. 
it seems of fundamental importance that the comfort zone 
may vary over a range of 25 F (14 C), depending on 
the physical activity, the clothing and the acclimatization 


of the subject. 
Methods of Air Examination 


In connection with studies of atmospheric conditions 
from the viewpoint of human health and comfort, atten- 
tion should be called to the following recommendations 
of the Sub-Commission on the Hygiene of Environmental 
Conditions in the Dwelling, of the Housing Commission 
of the League of Nations, adopted at Geneva on June 
25, 1937: 

“Valuable as these various instruments* may be in establishing 
the conditions of comfort in any given enclosed space, it is of 
great importance in all research studies to make an accurate 
record of each of the four independent factors governing bodily 
heat exchange, temperature, movement and humidity of the 
air, and mean radiant temperature of the surrounding surfaces. 
For this purpose we suggest in the interest of comparability the 
use of the following four types of instruments or others yielding 
similar data: 

(a) Silvered dry-bulb thermometers or hair-pin thermometers 
( Bargeboer ). 

(b) Silvered dry Kata thermometers or the hot wire ane- 
mometer, 

(c) Psychrometer, wet- and dry-bulb, whirling or ventilated. 

(d) Globe thermometer (Vernon) or the dry resultant ther- 
mometer (Missenard). 

Such instruments as these, when properly calibrated and their 
readings are compared, can be used for determining the four 
basic physical factors concerned separately or in certain com- 
binations. The results of the four physical measurements thus 
determined can generally be translated into the terms of any 
special instrument combining two or more of them. 

The single indices of thermal conditions mentioned above may 
be found to be of great utility for discussions in the countries 
of their adoption. It would, however, facilitate comparisons 
with the scales of measurement used in other countries if the 
measurements of the separate thermal factors were published 
along with those of the single index. 

In some instances it may be important to record not only 
the movement and temperature of the air at various levels, but 
also the temperature of each wall and window, of the flooring, 
and of the ceiling, and to measure the total effective radiation 
of the surroundings in six directions—in order to trace the 
exact causes of defects in the building which have an unfavor- 
able influence on the heat exchanges of its inhabitants. Facts 
of this type are of great practical importance.” 

The ASHVE Technical Advisory Committee on Phy- 

‘Refers to various instruments (such as the eupatheoscope and the ther 


mo-integrator) designed to measure the combined influence of two. or more 


of the factors of air temperature, wall temperature, relative humidity, 


and air movement 


siological Reactions endorses these viewpoints and urges 
that in all studies of air conditions records be obtained 
showing : 

(a) True air temperature (free from radiation effects). 

(b) Air movement. 

(c) Humidity. 

(d) Mean radiant temperature of surrounding surfaces. 
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Some Reflection and Radiation 


Characteristics of Aluminum 


By Cyril S. Taylor* and Junius D. Edwards** (MEMBER), New Kensington, Pa. 


LUMINUM has proved to be an excellent re- 
flecting material for radiation in all parts of the 
Its high reflectivity for both visible 
combined with its non-tarn 
won its adoption for coating 


spectrum. 
and ultra-violet radiation, 
ishing characteristics, have 
reflectors for telescopes and other optical instruments. 
The development of the aluminum reflector, 
given both brightness and permanence by a duplex elec- 
trolytic treatment, has afforded aluminum wide applica- 
The high reflectivity and cor 
aluminum for infra-red 
radiation have been responsible for the application of 
aluminum foil in imsulating structures. While consid- 
erable data have been accumulated as to the performance 
less known 


which is 


tion in the lighting field. 
respondingly low emissivity of 


of aluminum in the visible range, there 
about its behavior with infra-red radiation, and particu- 
larly the effect of surface films upon its reflectivity and 
emissivity. 

The measurement of radiation from surfaces at rela- 
tively low temperatures (approximately 100 F)  pre- 
sents a number of difficulties. 
sivity meters have been described in technical litera 


Several satisfactory emis- 


ture,** but ap paratus for such measurements is not gen- 
erally available from instrument makers. In this paper 
there is given a description of an instrument suitable 
for making measurements of the emissivity of surfaces 
at temperatures up to 300 F or higher, together with a 
variety of measurements on aluminum obtained by the 
use of this instrument. The general plan of this instru- 
ment follows closely that of an emissivity meter designed 
by R. E. Gould, to whom acknowledgement is made. 
Advantage was taken of a number of details of design 
described by other workers, and no special originality ts 
claimed for the equipment. 


Description of Emissivity Meter 


The emissivity meter comprises a heater which heats 
the sample being measured to a definite uniform tempera- 
ture, a radiometer which receives energy radiated from 
the specimen, and a potentiometer system by which the 
electromotive forces generated by the radiometer and 
various essential thermocouples are quantitatively 
measured. The general construction and operation of 
the meter can best be described by reference to Fig. 1, 
which shows a cross-section of the instrument. 

*Physical Chemist, 
pany of America. 

**Asst. Director of Research, 
minum Company of America : 

Aluminum for Reflectors, by J. D. Edwards. (Transactions, Illuminating 
Engineerng Socicty, 29, p. 351, 1934.) es 

“An Apparatus for the Measurement of the Total Normal Thermal 
Emissivity of Sheet Materials in the Temperature Range 140 to 500 F, 
by Paul F. McDermott. (ev. of Sci. Instruments, 8, 1937, p. 185.) 

*Measurement of Radiation from Aluminum Surfaces, by E. Schmidt 
(Hauszeit AW ftwerk A.G. Aluminium, 2, 1930, p. 91.) 
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The specimen holder and heater unit (/2) is placed on 
top facing downwards, so as to eliminate convection cur 
The heater face-plate is a piece 
It is heated by 


sheet, oxide-coated for insulation, wound with nichrome 


rents as far as possible. 
of aluminum sheet, oxide-coated. another 
ribbon and backed by a similar-sized insulating block, 
pressed against it and bolted together \ copper-con 
stantan thermocouple, embedded in a small groove cut in 
that the junction (J ) 


permits the tempera 


the face of the heater in such a way 
is located at the center of the face. 
ture of the hot face to be measured Phe heater, whicl 
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Sectional view of emissivity meter: 


{. Sample for emissivity measurement 
B, Therm on receiving radiation from A 
( eee yupl leads measuring tenmy 
juncti 
D. Thern opi leads 
i Electric heater plate for maintaining sample a 
I Inlet for constant temperature wate " 
;, Copper pins to which are attached cold junct 
H. Radiation shields 
/. Thermocouple junction for measuring sample 





a temperature of 100 F, requires 


is usually operated 
about 4w 
(A) is fastened to the face of the heater by means ot a 


(watts) power. The sample to be measured 


thin coat of cement. 

The radiometer consists of a copper-constantan thet 
mopile (8B) unit of 18 junctions mounted on the central 
portion of a water-cooled (/) aluminum block, The cen 
tral cylindrical part of the block is 3)'g in. in diameter and 
in. above the rest of the block, which acts as 
thick-walled aluminum tube ts 


This tube extends 


projects 34 
base. A tight-fitting, 
forced onto the projecting cylinder. 
upwards, 2 in, above the thermopile, and has fastened 
in it, 3¢ in. above the thermopile, a radiation shield (/7) 
consisting of an aluminum ring '4 in, thick and with 
circular opening 15¢ in. in diameter. On top of the 
aluminum tube is fastened another radiation shield (/7) 








Heating Piping 


Conditioning 
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made of a synthetic resin ring, 14 in. thick and with an 
opening having a diameter of 24% in. The exposed bot- 
tom of this ring is coated with aluminum foil to reduce 
as much as possible any radiation from this source. A 
thin tube of synthetic resin, approximately the diameter 
of the aluminum tube, is mounted on top of the ring 
to act as a low-heat-conducting support for the heater. 

The receiver of the thermopile is a lacquered disk of 
aluminum foil, 14% in. in diameter and 0.0003 in. in 
thickness, to which are cemented 18 thin copper seg- 
ments, each of which has soldered to it a thermocouple 
of No. 40 B. & S. gage copper-constantan wire. The 
copper segments were cut from a copper disk 0.0003 in. 
thick and they covered practically the whole area of the 
receiver. The assembled receiver disk is blackened with 
smoke from burning camphor. The thermopile leads 
are shown at (D). The cold junctions are soldered to 
heavy copper pins (G) inserted in a synthetic resin ring. 
A copper-constantan thermocouple, soldered to one of 
the cold junction pins, allows the temperature of the cold 
junction to be obtained (C). The whole thermopile unit 
was built and assembled, following very closely the di- 
rections given by Heilman.* 

In calibrating the emissivity meter, a piece of bright 
aluminum foil was fastened to the heater plate to estab- 
lish the radiometer reading with a surface of low emis- 
sivity. A sheet of black paper was employed to estab- 
lish the radiometer reading for a point of high emissivity. 
The aluminum foil was assumed to have an emissivity 
of 3 per cent at 100 F, and a value of 95 per cent was 
assigned to the black paper. The radiometer readings 
for surfaces of intermediate emissivity were established 
by exposing various proportions of foil and black paper 
as the radiating surface. This was accomplished by 
cementing to the aluminum foil. pie-shaped sectors of 
black paper.° These were always attached as diametri- 
cally opposite pairs of equal size, so as to avoid any pos- 
sible error resulting from lack of exact centering. In this 
way a surface could readily be obtained whose average 
emissivity was any value between 3 and 95 per cent. 

In this work the standard of reference for low emis- 
sivity was bright aluminum foil with an assigned value 
of 3 per cent at 100 F. In this paper the emissivity 
values are expressed as a percentage of the emis- 
sivity of a black body at the same temperature. There 
is very good evidence in the measurements of Mc- 
Dermott,® H. Schmidt and Furthmann,’ Coblentz* 
and E. Schmidt® that the emissivity is as low as 
3 per cent and possibly lower. If another value is 
eventually established for the emissivity of aluminum 
foil, the emissivity values reported in this paper can 
be corrected accordingly. The commercial aluminum 
foil with an emissivity of 3 per cent has a purity 
of about 99.4 per cent. Schmidt’s data at various 
temperatures showed an increase in emissivity of 
one sample of aluminum from 4.0 per cent at 200 C 
to about 5.0 per cent at 500 C. Recent measure- 





*Surface Heat Transmission, by R. H. Heilman. (Mechanical Engi- 
neering, 51, 1929, p. 355.) 


°A Keflectometer for All Types of Reflecting Surfaces, by Frank 


Benford. (Gen. Elec. Rev., 37, 1934, p. 457). 
"Loc. Cit. See Note 2. 
TRadiation from Solid Bodies, by H. Schmidt and Furthmann. 


Abhandl., :¢, 1928, p. 225.) 
Absorption and_ Reflection 
Standards Bulletin 2, 


(Mitt Kaiser-Wilhelm Inst: Eisenforsch 
*Radiometric Investigations of Infra-red 


Spectra, by Coblentz. (Bureau of 
1906, p. 457.) 
*Loc. Cit. See Note 3. 
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ments from this laboratory gave a value of 2.6 per cent 
for the emissivity of aluminum, 99.996 per cent pure.®* 


Effect of Oxide Films Upon Emissivity 


In general, non-metallic substances exhibit high emis- 
sivity properties, and aluminum oxide is no exception 
to this general rule. It might be expected, therefore, 
that the oxidation of aluminum surfaces would increase 
their emissivities. With normal atmospheric oxidation, 
however, the films are usually so thin as to have little 
effect upon emissivity. The oxide film, moreover, is 
always present and all emissivity measurements on alu- 
minum are for a surface covered with an oxide film, 
even though it be extremely thin. Various estimates of 
the thickness of the oxide film naturally present upon 
aluminum are of the order of 1 to 2 x 10° cm (approxi- 
mately 0.4 to 0.8 x 10° in.).2°" 

The oxide film upon aluminum can be increased in 
thickness and changed in character by various chemical 
and electrochemical treatments. The thin dielectric films 
produced upon aluminum by anodic oxidation, for use in 
electrolytic condensers, are frequently of appropriate 
thickness to show interference colors. Substantially 
thicker films are applied for decorative and protective 
purposes, and these films in general range from about 
0.0001 in. to 0.0006 in. (0.0025 mm to 0.015 mm) in 
thickness. In Fig. 2 is shown the relationship between 
emissivity and thickness of film for a series of oxide 
films electrolytically produced in a 15 per cent sulfuric 
acid electrolyte at 70 F. 

It will be noted from the curve that the emissivity in- 
creases linearly with increase in thickness of the oxide 
coating up to about 8x10° in. Above about 10x10° in., 
the emissivity shows only a slow change with increase 
in thickness; the emissivity has already reached a high 
value at this point. All oxide coatings do not show 
the same emissivity values at the same thickness; the 
emissivity may be greater or smaller than the values of 
~ % The Properties of High Purity Aluminum, by «. S. Taylor, L. A 


Willey, D. W. Smith and J. D. Edwards. (Metals and Alloys, 9, 1938, 
» 189.) 

' WSome Optical Observations on the Protective Films on Aluminum in 

Nitric, Chromic and Sulphuric Acids, by L. Tronstad and T. Héverstad 

(Tvansactions, Faraday Society, 30, 1934, p. 362.) 
“Second Experimental Report, Section V, Alumin 

Vernon. 3, 1927, p. 


um, by W. H. J 
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an electrolytically produced oxide coat on aluminum 
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Fig. 3--Relation between thickness and emissivity (at 100 F) of lacquer 


films, clear and colored with dyes, on aluminum 


Fig. 2, depending upon the structural characteristics of 
the coating, which are controlled by the electrolyte em- 
ployed and the coating conditions. These differences 
may be substantial. 

The thickness of the oxide coatings shown in Fig. 2 
was measured in several ways. When the coating had a 
thickness of about 10 x 10° in. or greater, it was easy to 
measure the thickness directly by observing a cross-sec- 
tion of the foil and coating under the microscope. The 
technique of preparing the sample for examination is de- 
scribed in an earlier report.** Some very thin oxide 
coatings showed interference colors. In these cases it 
was possible to measure their thickness by the method 
of Blodgett and Langmuir,’* using as color standards a 
series of built-up films of known layers of barium stear 
ate on polished chromium. Dr. K. B. Blodgett kindly 
made such a comparison and estimated the thickness of 
the oxide films on two samples of aluminum foil, which 
had been electrolytically oxidized in boric acid electrolyte, 
to be 19 and 26 x 10° cm, respectively. The thickness 
was also evaluated by measuring the increase in weight 
resulting from oxidation and calculating the thickness 
from the measured area and the density of the oxide. 
This method gave thickness values of 19 and 27 x 10° 
cm, which are quite comparable with those measured 
by Dr. Blodgett on similar samples. 

According to the Wien displacement law, the energy 
peak for surfaces radiating at temperatures of about 
100 F occurs at a wave-length of about 9.34 (0.009 mm). 
Apparently, therefore, the oxide-coated surface only be- 
haves like the massive oxide when the coating thickness 
reaches a value approaching the same magnitude as that 
of the wave-length of the radiation being reflected or 
emitted. 


The Emissivity of Lacquer-coated Aluminum 


In Fig. 3 is given a series of data showing the emis 
sivity of aluminum foil coated with lacquer films of 


“Methods of Testing Oxide Coatings on Aluminum, by J. D. Edwards 
(Proceedings, American Society for Testing Materials, 37, Appendix II, 
Report of Committee B-7, 19387, p. 261.) 

Built-up Films of Barium Stearate and Their Optical Properties. by 
Katherine B. Blodgett and Irving Langmuir (Phys. Rev., 51, 1937, p. 964.) 
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various thicknesses and colors. The lacquer in 
all of these films was formulated with a certain 
pyroxylin base to which had been added a small 
amount of resin. For the colored films, various 
dyes were added to give scarlet, yellow, green 
and blue films. 
to have little effect upon the emissivity as com 


The presence of the dye seemed 


pared with the clear coating, and there was no 
specific effect due to any of the particular colors 
By comparing the emissivity values of Fig. 3 wit! 
Fig. 2, it will be observed that the lacquer coat 
ings in general have less effect in increasing tle 
emissivity than does an oxide coating of similat 
thickness. 

(Hher lacquer films were observed in whic! 
the color was obtained by incorporation of a pig 
ment. In general, the aluminum foil bearing thes: 


hlms showed emissivities intermediate betwee 
the foils with the dyed lacquer films and the oxic 
films. The thicknesses of the lacquer films wer 
measured by determining the increase in weight 
of the coated foil, caused by the presence of the 
lacquer, and calculating the thickness from the density 
of the dried lacquer. 

It is quite practical to coat foil commercially with 
uniform, thin film of lacquer which does not raise thi 
emissivity above a value of 10 per cent. Such a coating 
of proper composition offers substantial protection 
against deterioration where the service is such that pro 


longed contact with moisture is anticipated. 
Reflectivity for Visible Light 


While the eye may be a good judge of the reflectivity 
of a surface for light, it cannot always appraise the valu 
of a surface for reflecting infra-red radiation. This can 
be demonstrated by a few selected examples. In_ the 
case of the data on oxide films shown in Fig. 2, the emis 
sivity increases from a value of 3 per cent to over 75 
per cent ; that is to say, the reflectivity for infra-red radi 
tion falls from a value of 97 per cent to less than 25 per 
cent. For an opaque body, the sum of the reflectivity 
and emissivity at the same wave-length is 100 per cent 
While a substantial change in emissivity has taken place 
with increases in thickness of the oxide coating up to 
about 30 x 10° in. the changes in reflectivity for visibl 
hght have been of minor character. Fig. 4 shows the 
effect on reflectivity for light, of increase in thickness of 
the oxide ce ating for two types of oxide-coated surfaces : 
one of these coatings is specular in character and the 
other diffuse, and the metal in each case is of different 
purity. However, even in the case of the coating show 
ing the greatest change, the loss in reflectivity for a 
coating thickness of 30 x 10° in. was only from &6 to 
75 per cent. 

The refléctivity for visible light was measured by the 
method of A. H. Taylor,’* which gives the total reflec 
tivity directly without the use of any standard reflecting 
surface. The equipment employed was the instrument 
designed by Baumgartner,’*® which employs a light sensi 
tive cell for measuring the brightness of the sphere wall 


4A Simple Portable Instrument for the Absolute Measurement of Rs 
fiection and Transmission Factors, by A. H. Taylor Burea f Standar 
Hulletin, Bureau of Standards Scientific Paper No. 405. 1920 


“A Light-sensitive Cell Reflectometer, by G. R. Baumgartner. (Gener 
bas Man ian 


lec. Rev., 40, 1937, p. 52 
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Commercial aluminum foil with an emissivity of 3 per 
cent has a reflectivity of about 85 per cent for visible 
light. 

The data of Fig. 3 show that while the thickness of a 
lacquer coating has an important effect upon the emis- 
sivity of the surface, the presence of a dye in the lacquer 
has no appreciable efiect upon emissivity. The presence 
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Fig. 4—Reflectivity for light of alumi- 


num surfaces with electrolytically pro- 

duced oxide films of different thickness ; 

the S graph is for specular reflectors and 
the D graph is for diffuse reflectors 


of the dye may, however, have a very profound effect 
upon reflectivity for light; data on this point are shown 
in Table 1. These figures show that a surface may have 
low reflectivity for light and fairly good reflectivity for 
infra-red radiation, or high reflectivity for light and poor 
reflectivity for infra-red radiation. 

The lacquer films, measurements of which are shown 
in Table 1, are intensely colored. It is quite possible to 
coat with thinner lacquer films, and aluminum with these 
lacquer films may have high reflectivity (above 80 per 
cent) for infra-red radiation and still be decidedly col- 
ored because of the intense coloring action of the dye. 
Comparing the lacquers with black and white pigment, 
it will be noted that samples, showing as widely different 
reflectivities for light as 5 per cent and 67 per cent, show 
substantially the same reflectivity for infra-red radiation. 


Effect of Surface Roughening 


The assumption is commonly made that a highly pol- 
ished metal surface is necessary for low emissivity. This 
assumption has, as a background, the classical theory 
which calls for an increase in emissivity as a surface is 
roughened.*® Experimental measurements, however, 
demonstrate that roughening of a very pronounced de- 
take place without any very substantial in- 
In Table 2 are given a 
which- has been 
include foil 


gree may 
crease in the emissivity value. 
series of emissivity values for foil 
roughened various ways. The samples 
which had been embossed with various patterns for 
decorative effect, and also foil which had been roughened 
with an abrasive cloth (No. 120 Aloxite cloth). While 
it is true that the abrasive did not make the foil very 
rough, nevertheless its specular reflecting characteristics 
were completely destroyed. Among all of these samples, 


“Heat Radiation of Technical Surfaces at Ordinary Temperatures, by 
E. Schmidt. (Gesundheit.-Ing. Beihefte Series 1, No. 20, 1927.) 
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Table 1—Comparison of Effect of Colored Lacquer on Aluminum 
Foil Upon Reflectivity for Visible and Infra-Red Radiation 





THICKNESS Rervectivity | REFLECTIVITY 
or COATING FoR LiGut FOR INFRA-RED 
DESCRIPTION OF SAMPLES | INCHES x 10-5 Per CENT RADIATION® 
Per Cent 
A ee 20 80 57 
SS WE vcckskxieess 43 82 33 
Lacquer, with black pigment 30 5 39 
Lacquer, with black pigment 68 5 s 
Lacquer, with white pigment 40 67 31 
Lacquer, with white pigment 93 76 12 
Lacquer, with yellow dye. ... 20 76 43 
Lacquer, with yellow dye... 50 68 21 
Lacquer, with blue dye..... 30 8 45 
Lacquer, with blue dye...... td 5 22 
Lacquer, with red dye....... 27 28 39 
Lacquer, with red dye... .. 63 23 26 














aRadiating surface at 100 F. 


Table 2—Effect of Surface Roughening aint Emissivity 








EMISSIVITY 


DESCRIPTION OF SAMPLE | ea AT 100 F 
| Per Cent 

Embossed foil- —Pattern ‘No. | Fe waits ‘ ; | 4.5 
Embossed foil—Pattern No. 2............ | 5.6 
Embossed foil—Pattern No. 3. gs ; | 4.7 
Embossed foil—Pattern No. 4.. 5.6 
Embossed foil—Pattern No. 5 ; 6.1 
Bright foil roughened with abrasive cloth.... i4 
Bright foil roughened with abrasive cloth 6.3 
Bright foil roughened with abrasive cloth 6.6 
Bright foil etched in hot sodium hydroxide solution for times of 3.5 
0.5 to 2 min and dipped in nitric acid. . 40 
5.0 





the highest emissivity measured was 6.4 per cent. Tests 
were also made on foil which had been roughened by 
etching in sodium hydroxide solution for different times 
and finish-dipped in nitric acid, according to a procedure 
commonly employed in the aluminum industry. Six 
samples roughened in this way all had diffusing surfaces, 
and only one sample showed an emissivity as high as 5 
per cent. All of these samples were so roughened as to 
destroy the polish and specular reflecting characteristics. 
Of course extreme methods of roughening might be em- 
ployed which would give substantial increases in emis- 
sivity, but surfaces of that character are not ordinarily 
found. 


Effect of Exposure Upon Emissivity 


The very penetrating character of infra-red radiation 
was illustrated in the preceding section by the measure- 
ments on emissivity and reflectivity of oxidized alumi- 
num surfaces. In quite another field, the penetrating 
characteristics of infra-red radiation are illustrated by the 
aerial photographs which have been taken by Captain 
Albert Stevens. With infra-red sensitized photographic 
plates, views of mountains as far as 331 miles distant 
from the photographer have been taken, though the 
mountain itself was invisible to the eye because of the 
intervening haze and fog. 

Various surface films may be formed upon aluminum 
as the result of exposure to corrosive attack. Fortu- 
nately, the oxide film formed on aluminum in the atmos- 
phere is quite impervious, and this limits its growth and 
thickness. This oxidation may therefore occur without 
an appreciable effect upon the reflectivity of the surface 
for infra-red radiation. The eye, of course, is no judge 
as to the infra-red radiation characteristics of a surface 
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Table 3—Emissivity of Aluminum Foil With Dulled Surfaces 











EMISSIVITY 
v Per Cent 
SAMPLE DESCRIPTION OF SAMPLE RADIATING 
No. SURFACE 
AT 100 F 
1 Aluminum foil after 2 years’ exposure to salt spray and 
moisture in boat-house on the seashore......... 10 
2 Aluminum foil-covered cardboard taken from foil-insu- 
lated dry-ice cabinet; exposed to weather on beach at} 
Coney Island from September, 1934, to April, 1935. 4 
3 Aluminum foil, chemically oxidized by treating with hot 
solution of sodium carbonate and chromate sa ” 
4 Aluminum foil with thin lacquer coat heated to partially 
decompose lacquer and color it brown ; TP 10 
5 Aluminum foil suspended vertically in laboratory for 3 
years and measured with accumulated dust and fume 5 





and surfaces, which to the eye may be dull and poorly 
reflecting, may still be good reflectors for radiation of 
long wave length. 

As a quantitative measure of the effective difference 
between the reflection factor of aluminum for visible 
light and infra-red radiation, the following example may 
be cited: A sample of aluminum foil was exposed in the 
laboratory near a window for three years. This sample 
was allowed to accumulate dust and fume for that period, 
and its reflectivity for visible light was then measured 
without any preliminary cleaning. It was found after 
the three-year period of exposure to have lost 15 per 
cent in reflectivity for visible light; its infra-red reflec- 
tion factor, however, had not changed appreciably. 
Originally, it was about 97 per cent, and with the three 
years’ accumulation of dust and fume, its reflectivity had 
only been reduced to 95 per cent. 

In June, 1938, Prof. Gordon B. Wilkes of Massachu- 
setts Institute of Technology removed samples of alu- 
minum foil insulation from the underside of a roof of a 
home in Wellesley Hills, Mass., where the insulation 
had been installed in November, 1933. Samples from 
each of the four layers of crumpled foil appeared to be 
in perfect condition and untarnished. The average emis- 


sivity of the four samples of foil which had been in sery 
ice for five years was 5.4 per cent as compared with a 
value of 4.5 per cent which Professor Wilkes used for 
the new foil. 

A series of emissivity measurements of aluminum, 
which had been exposed to the weather or chemically 
oxidized and treated in various ways, is given in Table 3 


Summary 


1. A simple instrument for measuring emissivity is described 
and a variety of measurements presented to show the effect of 
surface films on the emissivity of aluminum at 100 F. 


2. The oxide coating naturally present on aluminum is too 
thin to have an appreciable effect upon emissivity. Thick onic 
coatings can be produced electrolytically, however, which sub 
stantially increase the emissivity. The relation between oxic 
thickness and emissivity for one type of coating is shown by a 
graph. 

3. Thin lacquer films can be applied to aluminum, which ar: 
protective in nature but not thick enough to raise the emissivity 
above a value of about 10 per cent. The relation between thick 


ness and emissivity is presented in a graph 


4. Colored dyes in lacquer films have little effect upon emis 
sivity, but pigments have an appreciable effect 


5. The eye may be a good judge in appraising the reflectivity 
of a surface for visible light but cannot evaluate the infra-red 
radiation characteristics. A piece of aluminum may have high 
reflectivity for visible light and low reflectivity for 
radiation, or it may have only fair reflectivity for light and b 


infra-red 


an excellent reflector of infra-red radiation, depending on th 
presence or absence of surface films. It may also be a good 
reflector for both kinds of radiation. 


6. Surface roughening does not necessarily produce a suriac« 
of high emissivity and a bright polished aluminum surface is 
not an inherent requisite for low emissivity. 

7. Because the natural oxide film on aluminum is quite in 
pervious and very slow to grow in thickness, substantial weather 
ing of aluminum foil can occur with little increase in emissivity 


8. Samples of aluminum foil used for thermal insulation 
under various conditions of service have shown very little chang: 


in emissivity over long periods. 





Fourth Edition of Refrigerating Data Book 


The fourth edition of the Refrigerating Data Book has 
been published by The American Society of Refrigerating 
Engineers. The format and arrangement of the book fol- 
lows its predecessors in this biennial series and was pro- 
duced under the direction of the following committee : 
A. B. Stickney, chairman; J. C. Bergdoll, Arthur W. 
Ewell, George E. Hulse, V. L. Maleev, L. E. Philipp, 
C. D. Mackey, Charles H. Roe, Gardner Poole, F. O. 
Urban and George E. Wallis. 

The fourth edition comes in 50 chapters, divided into 
eight parts, which can be referred to readily by thumb 
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tabs. The parts are as follows: (1) Refrigeration 
(Principles); (2) Refrigerants; (3) Heat Flow and 
Insulation; (4) Air Conditioning; (5) Foods; (6) Do 
mestic-Commercial Machinery; (7) Industrial Machin 
ery; (8) Controls and Power. 

The price of the book is $4.00 in the United States. 
Copies go to all members of the ASRE in all grades, 
included in their dues. 

3y special arrangement, ASH VE members can obtain 
this volume under the Exchange Service Plan recently 
renewed by the two societies. 
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ie CORRELATING THERMAL RESEARCH 








As a part of the efforts of the ASHVE Research 


Laboratory to correlate research in thermal engineering carried on by the 


many institutions engaged in such work, and to disseminate the published results of such studies together with other reports of 
progress in the field, and in order to make this information available to the membership of the Society, there is published monthly 


on this page a limited number of brief abstracts of articles which it is believed will be of interest to all concerned. 
address the Librarian, ASHVE Research Laboratory, U. S. 


complete lists 
Ir. C. Houghten, Director. 


The Performance of Several Types of Bituminous Coal on 
Small Underfeed Stokers, by H. R. Limbacker and Ralph A. 
Sherman. Published by Bituminous Coal Research Inc., 803 
Southern Building, Washington, D. C. Mimeographed, 28 pages. 
Results of burning tests with eight coals in three domestic under- 
feed stokers, all of the screw-feed type. 

7 

Solid Smokeless Fuel, by M. Barash. Gas World, Vol. 109, 
pp. 129-136, Aug. 13, 1938. A review of methods of production, 
preparation and utilization of coke. 

~ 

Heating at Norris, Tennessee, by Louis Grandgent, Charles F. 
Ellis and W. H. Purnell. Published by Tennessee Valley Au- 
thority, Department of Regional Planning Studies, Community 
Mimeographed, 42 pages. 
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Planning Division. 

Heating Costs for Temperatures Above 70 F. American 
Artisan, Vol. 107, No. 11, Nov. 1938, p. 31. Table on increased 
cost of heating a home when indoor temperature is above 70 
deg. Table ranges from 68 F to 80 F. Cost ranges from minus 
6.2 per cent to 31.0 per cent above heating cost at 70 F. Data 
taken from tests of oil burning equipment. 

. 

\ Comparison of Costs of Heat Supply by Electrode Boiler 
or by Coke Boiler to the Same Group of Buildings, by S. Liv 
ingston Smith and C. H. Lander. Journal of the Institution of 
Heating and Ventilating Engineers, Vol. 6, No. 68, pp. 373-427, 
Oct. 1938. Report of heating cost tests conducted over a period 
of several years at the Imperial College of Science and Tech- 
nology, England, where the same group of buildings was heated 
simultaneously with coke-fired boilers and with an electric ther- 
mal-storage system. * 

Proper Air Supply for Stokers, by S. H. Viall. Coal Heat, 
Vol. 3 No. 5, pp. 23-24, Nov. 1938. Directions for firing a 
stoker to obtain most efficient results from the coal. 

* 

The Permissible Working Time in High Temperatures and 
Humidities, by O. Ehrismann, and A. Hasse. Arch. f. Gewer- 
bepath u. Gewerbehyg., Vol. 8, pp. 611-638, 1938. Report of tests 
in a conditioned room at the Berlin Hygienic Institute on three 
men to determine the effect of temperature and air humidity on 
capacity and skin perspiration. Effective temperature better 
suited to determine capacity threshold than the Kata thermom- 
eter. Skin perspiration found to vary so widely that it was not 
predictable by wet or dry Kata or by effective temperature. 

e 

Physiological Effect of Prolonged Muscular Work, by E. An- 
drieu and G. Trechinos. Travail Humain, Vol. 6, pp. 11-28, 1938. 
Report of changes in respiration and circulation when hard work 
is carried on in the morning after sleep, and when the same 
work is done in the evening after a work day. 

. 

The Influence of Clothing on the Physiological Reactions of 
the Human Body to Varying Environmental Temperatures, by 
\. P. Gagge, C.-E. A. Winslow and L. P. Herrington. The 
American Journal of Physiology, Vol. 124, No. 1, Oct. 1938, pp. 
30-50. Bibliography. 7 

The Relative Influence of Radiation and Convection Upon the 
Temperature of the Clothed Body, by C.-E. A. Winslow, L. P. 
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Herrington and A. P. Gagge. Ibid, Vol. 124, No. 1, Oct. 1938, 
pp. 51-61. Bibliography. Report of tests on human subjects at 
the John B. Pierce Laboratory of Hygiene, New Haven, Conn. 
a 

The Measurement of Air Conditions, by Dr. Carey P. McCord 
and William N. Witheridge. Journal of the American Medical 
Association, Vol. 111, No. 18, Oct. 29, 1938, pp. 1647-1654. De 
scription of the more important instruments and charts devised 
to measure human comfort and an appraisal of the reliability 
of various measures of atmospheric conditions for human com 


fort. @ 


Engineering Problems Associated with the Improvement of 
Temperature and Humidity Conditions of the Atmosphere in 
Mines at Great Depth, by J. H. Dobson and Prof. W. J. Walker. 
The /nstitution of Mechanical Engineers, Proceedings, Vol. 139, 
pp. 185-235, 1938. Discussion of the production of satisfactory 
conditions for underground workers, during industrial mining 
operations where the wet-bulh temperature of the air of the mine 
attains 90 F. Use of water, brine or air for cooling. 

+ 

Determination of Lead in Air and Identification of Industrial 
Dusts. Preventive Engineering Series, Bulletin No. 2, parts 6 
and 7, the Air Hygiene Foundation of America Inc., Pitts- 
burgh, Pa. e 
Their Characteristics, by M. R 
Journal of the Society of 


> 


276. Discus 


Base-metal Thermocouples ; 
Mandlekar and H. N. Banerjea. 
Chemical Industry, Vol. 57, No. 8, Aug. 1938, p. 
sion of the characteristics and the permissible range of base- 
metal thermocouples. 

. 

The Ventilation of Flueless Rooms. Journal of the Institution 
of Heating and Ventilating Engineers, Vol. 6, No. 68, Oct. 1938, 
pp. 428-434. Report of ventilation tests in two rooms in the 
experimental house at the Building Research Station, England 
The ventilation of a room was determined by measuring th« 
increase of carbon dioxide after burning three standard candles 
in the room for three hours. Ventilation data are expressed as 
air changes per hour for flueless room, and room with flue and 
the same room with a ventilator. 

om 

Fan Laws and Outlaws, R. W. Smith and T. C. Lloyd. Heat 
ing and Ventilating, Vol. 35, No. 11, Nov. 1938, pp. 32-34 
Discussion of fundamental relationships governing horse power 
Fan dimensions in relation to ratings. 

. 


required to move air. 


Infiltration Loss, Its Effect on Furnace-blower Capacity, by 
G. C. Ziliotto. American Artisan, Vol. 107, No. 11, Nov. 1938, 
pp. 52-53. Discussion shows that entire infiltration loss must be 
added to other heat loss for a building in estimating furnace 
capacity. e 

\ Modern Watertight Steel House. The Canadian Engineer 
Vol. 75, No. 19, Nov. 8, 1938, pp. 4-5. Description of a 41-ton 
sea-going residence believed to be the first all steel house ever 
constructed. The steel house was towed across the Illinois River 
on its own bottom. It contains five rooms and a garage. It 
was fully equipped with furnace, stoker, cooling system, laundry, 
plumbing and was partially furnished. 
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Pittsburgh—January 23-26 


FINE program has been provided for those who attend EK. Holt Gurn vill receive the ast Ps 
the Society’s 45th Annual Meeting in the William Penn On Wednesday morning ther: 
Hotel, Pittsburgh, Pa., January 23 to 26, 1939. Men for the ladies followed by a lunche t : 
bers of the Pittsburgh Chapter will act as hosts on this occa ind those who des to 1 c 
sion. Registration headquarters will be established on the 17t ster Memorial and the Heinz Chapel 
floor of the William Penn Hotel and all members, guests and he technical prograt I 
ladies are invited to obtain their credentials promptly after t] Societ t t e | t é 
arrival. Mines an ating titut 
\fter a meeting of Chapter Delegates on Monday morning 20th =Anniversat ea 1 the ta t t t S 
there will be a Welcome Luncheon and immediately following Research Laboratot e pI 
this the first business session will be held in the Urban Roon ite this ¢ 


and follow g the technical session there will be a Social H I Mee \y \\ Bar \ i 

and in the « ng a Get-together Dinner wil! be held 1 Phe m te K }. Ir ‘ > ‘ 

Chatterbox On Tuesda afternoon the ladies will hav: ) Ne M 

Bridge-Luncheon at one o'clock and in the evening there will Nair, St. Petersburg, Fla W. H. I ; p 

be informal entertainment after dinner and then the crowd w H. P. Gant, Gl ore, P S. R. Le 

go to the Bavarian Grill Harding Buftal N \ | | Rowl M Ml 
On Wednesday evening the Annual Banquet and Dance is C. V. Haynes, Philadelphia, Pa.; G. | M OD 


to be held in the ballroom of the William Penn Hotel and at lol Howatt, Chicag Il] A. P. Krat \\ 
that time the presentation of the F. Paul Anderson Medal will Daniels svill Ky 
be made to Prof. Frank B. Rowley, Director of Engineering I ‘ 


Experiment Station, University ot Minnesota. and Pres Concluded o rT GR 





Method of Choosing Location of, Financing and Conducting Meetings of the Society 


Resolved: That inasmuch as the Annual and Semi-Annual Meetings of the Societ me under the jurisdict 
ouncil, the following rules governing the handling of such meetings be adopted by the Council and publ 








JoURNAL of the Society at least twice during every year, preferably just prior to each meeting 
The Council will select the city in which the Annual or Sen Anr Meeti: te } R 
t s received from Chapters or members as well as to tl sabil fs t t tine 
udvantage to the general membership, and to reduce as tar as possible the ex 
2—-That an appropriation be made to cover the entertainment or local expenses, ir rre i tion with the 
$500.00, the regular meeting expense to be taken care of by the General Fur f the S t n the regu 
‘—That no registration fee or compulsory obligations of any nature mposed ot r guest 
;—-T} purchase of tickets for banquets or for any other for f entert 
»—That the grouping of features and the sale of tickets for group featur ‘ s rag 
f That the raising of funds from manufacturers of heating apparatus be discourage 
That the display of samples, or of literature, advertising t! pr t f 
itted at the booths, registration desks, or it r about the meetin 
8—That the distribution of trade papers be entirely at the discretior ft mittes urge 
| 9—That the local Chapter or local members, be empowered to for a Gener Committe 
to handle the details of transportation, hotel accommodations, entertainment, fi ‘ t i 
to confer frequently with the Council, through the Secretar { the s r t ! 
vith the various matters being handled by ther 
10—That the arrangements of elaborate and stly ent ‘ 
{dopted at ” Me-ting, January 29, 1926 
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William Penn Hotel 


Sunday, January 22 


Meeting of the Committee on Research. 
Visiting Members and 


10:00 a.m. 


2:00 p.m. Informal Reception of 
Ladies, Pittsburgh Chapter Room (17th floor, 


William Penn Hotel. 


2:00 p.m, Meeting of the Council. 
Monday, January 23 
8:30 a.m. Registration—Pittsburgh Chapter Room (17th floor). 


Meeting of Chapter Delegates (Cardinal Room, 
17th floor ). 


12:00 noon Welcome Luncheon 


9:30 a.m, 


Members, Guests and Ladies 
Greetings by Mayor Scully of Pittsburgh. 
Address by Charles E. Mayette. 

AFTERNOON Session (Urban Room 17th floor) 
Call to order by Pres. E. Holt Gurney. 


Ou p.m 


\nnouncements. 

Reports of Officers. 

Reports of Council Committees. 

Report of Committee on Research, W. L. Fleisher. 

Introduction of Past Chairmen of Committee on 
Research, 

Technical Papers— 

Frictional Resistance to the Flow of Air in 
Straight Ducts by F. C. Houghten, J. B. 
Schmieler, John Zalovcik and Nicholas Ivanovic. 

Air Conditioning in Industry by W. L. Fleisher, 
\. E. Stacey, Jr., F. C. Houghten and M. B 
lerderber. 

Report of Tellers of Election. 

Ladies Tea (Forum Room, 17th floor). 

Social Hour (Pittsburgh Chapter Room, 17th 
floor). 

Get-together Dinner, The 

Penn Hotel). 


3:00 p.m. 
5:00 p.m 
(William 


7:00 p.m, Chatterbox 


Tuesday, January 24 


9:30 am. Morninc Session (Grand Ballroom, 17th floor). 


Physiological Sensations 

Recent Advances in Physiological Knowledge and 
Their Bearing on Ventilation Practice by C.-E. 
A. Winslow. 

Cardiac Output, Peripheral Blood 
Blood Volume Changes in Normal Individuals 
Subiected to Varying Environmental Tempera- 
tures by F. K. Hick, R. W. Keeton, Nathaniel 
Glickman and H. C. Wall. 

The Role of the Extremities in the Dissipation 
of Heat from the Body in Various Atmospheric 
and Physiological Conditions by Charles Sheard, 
Marvin M. D. Williams, Grace M. Roth and 
Bayard T. Horton. 

Skin Temperatures of the Extremities and Ef- 
fective Temperature, by Charles Sheard, Marvin 
M. D. Williams and Bayard T. Horton. 

Air Conditioning Requirements of an Operating 
Room and Recovery Ward by F. C. Houghten 
and W. Leigh Cook, Jr. 

Ladies’ Bridge Luncheon (Cardinal Room, 17th 


floor). 


Flow, and 


1:00 p.m. 
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45th Annual Meeting 


January 23 to 26, 1939 


2:00 p.m. ArreRNOON Session (Grand Ball Room, 17th floor). 


Heat Transfer— 

Some Reflection and Radiation Characteristics of 
Aluminum, by C. S. Taylor and J. D. Edwards. 

A Study of the Heat Requirements of a Single- 
Glazed Test House and a Double-Glazed Test 
House by M. L. Carr, R. A. Miller, Leighton 
Orr and David Shore. 

Heat Transfer in Storage Water Heaters by D. 
W. Nelson and A. A. Rosenberg. 

Condensation of Moisture and Its Relation to 
Building Construction and Operation by F. B. 
Rowley, A. B. Algren and C, E. Lund. 


5:00 p.m. Social Hour (Pittsburgh Chapter Room, 17th floor). 
6:30 p.m. Past Presidents’ Dinner. 
9:30 pm. Bavarian Singers and Dancers, William Penn Grill, 


Special Supper for A.S.H.V.E. Members. 


Wednesday, January 25 


MorNInG SESSION. 
Fuels— 
Responsibility of A.S.H.V.E. Towards Solid Fuel 
Industry by W. A. Danielson. 
Selection of Solid Fuels from the Viewpoint of 
the Small Consumer by P. Nicholls. 
Small Stokers by P. A. Mulcey and R. A. Sher 
man. 
Performance of Stoker-Fired and Hand-Fired 
Warm-Air Furnaces in the Research Residence: 
by A. P. Kratz, S. Konzo and R. B. Engdahl 











12:00 noon Luncheon Meeting Nominating Committee. 
AFTERNOON Session (Urban Room, 17th floor). 
Air Pollution— 
Smoke Abatement 
H. B. Meller. 
Smoke Producing Tendencies in Coals of Vari- 
ous Ranks by H. J. Rose and F. P. Lasseter. 
\ir Filter Performance as Affected by Low Rate 
of Dust Feed, Various Types of Carbon, and 
Dust Particle Size and Density by F. B. Rowley 
and R. C. Jordan. 
Annual Banquet and Dance (Grand Ball Room, 17th 
floor). Presentation of F. Paul Anderson Medal 
Presentation of Past Presidents Emblem. 


2:00 p.m. 


Where to Draw the Line by 


7:00 p.m 


Thursday, January 26 


MorninG Session (Urban Room, 17th floor) 
Installation of New Officers. 
Design Factors— 

The Effect of Heat Storage and the Variation in 
Outdoor Temperature and Solar Intensity on 
the Heat Transfer Through Walls by J. S. Al 
ford, J. E. Ryan and F. O. Urban. 

Analysis of Weather Design Data in the United 
States by J. C. Albright. 

Application of Summer Weather Data in Design 
by John Everetts, Jr. 

The Flow of Heat Through Walls by F. E 
Giesecke. 


9:30 a.m. 
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J. F. S. Collins, Jr. Arthur McGonagle 





F. C. MeIntosh 


C. M. Humphreys 





R. A. Miller T. F. Rockwell 





R. J. J. Tennant Mrs. J. F. S. Collins, Jr. 





P. A. Edwards R. B. Stanger 








E. C. Smyers M. L. Carr 
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Reactions of Office Workers to Air Conditioning 
in South Texas by A. J. Rummel, F. E. Gie- 
secke, W. H. Badgett and A. T. Moses. 

Unfinished Business. 

New Business. 

Resolutions. 

Adjournment. 

12:30 p.m. Council Meeting. 


Committee on Arrangements 


Joun F. S. Corttins, Jr., General Chairman. 

\RTHUR McGoNaAGLe, Honorary Chairman. 

C. M. Humpureys, Ist Vice Chairman. 

l’apiAN C. McInrosu, 2nd Vice Chairman. 

M. L. Carr, Chairman Finance Committee. 

r. F. Rockweii, Chairman Publicity Committee. 

D. W. Loucks, Chairman Transportation Committee. 

R. J. J. Tennant, Chairman Inspection Committee. 

P. A. Epwarps, Chairman Technical Sessions Committee. 
\. F. Nass, Chairman Attendance Committee. 


Mrs. Jonn F. S. Cortins, Jr., Chairman Ladies Committee. 


R. B. Stancer, Chairman Entertainment Committee. 
EK. C. Smyers, Chairman Banquet Committee. 
J. Eart Frazier, Chairman Reception Committee. 





[Concluded from page 65] 
official delegate to attend the meeting and a special program of 
topical discussions will feature the conference of these dele- 
gates on Monday, January 23. 

Plans are being made by many technical committees to hold 
meetings at Pittsburgh and reports will be presented at the vari- 
ous sessions. 

Because of the central location of Pittsburgh and its con- 
venience to a great majority of the membership, a big meeting 
is anticipated by the local group. Members have received Hotel 


Reservation Cards, information on the best motor routes to 
Pittsburgh and a hearty invitation from the Pittsburgh mem- 
bers to be on hand for the Society’s 45th Annual Meeting. 


- Lhe " 
cocppponueu 
spared 
pnunnnH 
imnnnnni 
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Death of Warren Webster 


The heating industry lost one of its pioneers in the death of 
Warren Webster who passed away on Wednesday December 21 
in Georgetown University Hospital, Washington, D. C., at the 
age of 75. 

Mr. Webster was President and General Manager of Warren 
Webster Co., Camden, N. J., for over fifty years. He was born 
June 25, 1863, in Philadelphia and attended the public schools 
of that city and prepared for the United States Naval Academy 





at Annapolis. He entered business, however, after graduation 
from the Pierce Business College, and from 1887 was associated 
with his brothers in the heating business as Webster Brothers 
& Co., this firm being succeeded by Warren Webster & Co. in 
1895. From the time of the organization of the company Mr 
Webster served as President and the 50th Anniversary of the 
founding of the company was celebrated on June 23, 1938, at 
Camden, N. J., when Mr. Webster was the guest of honor at a 
testimonial dinner. 

Mr. Webster was known throughout the heating industry 
for his pioneer work in developing the vacuum system of stean 
heating. He was the inventor and patentee of numerous devices 
for heating buildings and he purchased many other inventions 
and developments to perfect the Webster System. Until 1880 
the common theory of steam circulation was that a constant 
pressure should be maintained throughout the entire systen 
In 1882 Mr. Webster acquired the Williams patent which intr 
duced a new theory in the heating field and later Mr. Webster 
used the radiator trap based on the Hall Patent of 1891. 

Mr. Webster established his first factory in Philadelphia and 
from a modest beginning in the manufacture of feed water heaters 
he expanded the business rapidly as vacuum heating systems cam 
into vogue. From the proceeds of his sale of patents for a 
steam economizer and vacuum principle to a Belgian firm he 
erected a plant at Camden, N. J. The name Webster is known 
throughout the world in connection with heating and many larg: 
and well known buildings have this equipment including the 
original Palmer House in Chicago and its successor. 

Mr. Webster was a life member of the ASHVE and he was 
originally elected to membership in 1899. He also held mem 
bership in the Manufacturers Club and the Penn Athletic Club 
of Philadelphia and the Island Heights, N. J., and the St. Peters 
burg Florida Yacht Clubs. Recently he retired from the Board 
of Trustees of Cooper Hospital, Camden, N. J., a position that 
he had held for many years. 

Funeral services for Mr. Webster were conducted in Camden 
December 23. The Officers and Council of the Society extend 
their sincerest sympathy to the members of his family who sur 
vive, his widow, the former Frances M. Siegrist of Philadelphia; 
a son, Warren Jr., of Haddonfield, N. J.; two daughters, Mrs 
W. Maynard Brown, of Haddonfield, and Mrs. J. Spencer Lucas 
of Philadelphia; 11 grandchildren; a brother, A. Spencer Web 
ster of Florida and Ocean Gate, N. J., and a sister, Mrs. George 
H. Musgrave of Arlington, Mass. 
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Cooling Tower Studies in California 


A cooperative research project sponsored by the Society at 
the University of California, Berkeley, and directed by Dr. B. M 
Woods, Chairman of the Technical 


Cooling Towers, Evaporative Condensers and Spray Ponds, has 


Advisory Committee on 


undertaken a program consisting of tower tests, general inves 





of California 


Cooling Tower at University 


evaporative condensers, field tests or 
that 


tigation of the status o 


water cooled roots, and the analysis of data will result in 


reliable and useful design methods, 

As many problems in the design of cooling towers have only 
been partially examined in the past, it is the hope of the commit 
tee that the present investigation will produce design principles 
that will be effective in reducing future operating costs of cool 
ing equipment. The behavior of a cooling tower depends upon 
many factors which include distribution of water at the tower en 
the ce cks, 


deck elements, and impurities and plant growths on the deck 


trance, slope of the elements of proper location of 


In the experimental work being carried on for the cooling 
towers, two of forced draft and two of atmospheric type are being 
used. The accompanying illustration shows part of the installa 
tion at the University of California. 
34th Annual Meeting of ASRE 

The American Society of Refrigerating Engineers held its 34th 


Annual Meeting at the Hotel Commodore, New York, Decembet 
6-8, 

The newly elected Officers and Directors are as follows: Gard 
ner Poole, Vice President, Inc.—President ; 
George Hulse, Chief Engineer, Safety Car Heating ard Light 
Vice President; Chester Lichtenberg, Engineer, 
General Electric Company—l ice President; William R. Hains 
worth, Vice President, Servel, Inc.—T7reasurer; Frank M. Cock 
rell, Publisher, Air Conditioning & News—Dire: 
tor; Charles S. Logan, District Representative, Superior Valve 
& Fittings Company—Director; B. E. Seamon, President, West 
land Engineering Supply Company—Director; F. C 
Mechanical Engineering, The Pennsylvania State 


General ky “ rds, 


ing Company 


> af > . 
Re rigeration 


Stewart, 
Professor of 
College—Director; Frank Zumbro, Engineer, Frick Company 
Director; W. R. Woolrich, Dean of the College of Engineering, 
University of Texas—Dvrector. 

At the technical meetings the main subjects of discussion wer 
air conditioning, refrigeration in industry, foods and commercial 
refrigeration, quick freezing and market research. 


New Boston Office 

The Air Conditioning Utilities Co. is 
located at 436 Statler Building. The New York and Boston 
tivities are under the direction of Harry W. Fiedler, factory rep 
resentative for Julien P. Friez & Sons Division of Bendix Avia 


Soston office of the now 


at 


tion Corporation, Baltimore, Maryland. 
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Chicago Symposium on 
Air Conditioning 


Che subject of comfort air conditionmmng att 


ver 1200 at the Engineeru 


meeting 
I} lin 
ciation of ( sulty j hey 


when a Vas spons 


the the ASHVE, the 
and the Chicago cr 


cers, nS Chapter ol 
jihicers, 
ly hate iS, al l t lay 


American Institute 


Vanufacturers Association, 


Nationally known leaders 


pave > 
of practice in c 
rhe Committee in charge of the 
R. E. Hattis, Vice-¢ 
\eberly, Leigh Keith, | | M 


W eissenbor Nn. 


Importance of ( 


phases of present day 
program 
Smith, Chairman: hairmat 
John S 
Leo J 

Che 
the subject of D1 


Northwestern University Charles S. Le ( 


Irving 
cine, 
Philadelphia, spoke on Engine 
W. H. Carrier, Chai 
Syracuse, N. \ 
\lbert 
Ing Dayton, di 


\rchitectural Design of 


Engineer of 
Conditioning 
Corporation, 
\n 


Conditioning Buenger, 


Corporation, 


chinery Corporation, 
\ir Cor 


Bloomfhic 


plied to 
Company, ld, N. J., 
ot Aw ( 
V ice 
Washington, gave a g 
An 


nditioning, 
President, iv ( dit nu 


for Conditioning 


Second Oregon State Air 
Conditioning Conference 


Announcement has been mace a 


\ir Conditioning Con 
25-25 Plans for the conference 


Willey, A 


state ( 


ssistant 
gon olleg« 
B 
Portland, and ] ( 


S. Farnes, J 


C. P. Yaglou Addresses 
Massachusetts Chapter 
LT he 

Chapter was held at Massachusetts Institut 
Pres. James Holt presided and 
and telegram from the Pittsbu 


ing members to attend the Annual Meeting of the Society, Ja 


December 20, 1938 December meeting 


40 members present 


dial invitation 


ary 23-26. 

Prof. C. P. Yaglou, Harvard School Public Health, sp 
on Effects of Air Conditioning on Comfort, Health and Dis« 
his talk proved to be of particular interest to those present 
according to the report of Secy. H. C. Moore 
Pittsburgh Chapter Elects Officers 

mber 7 193s Because ot the approaching Annual Meet 
ing of the Society to be held in Pittsburgh, January 23-26, th 


Pittsburgh Chapter meeting was a social gathering devoted 1 
dinner and cards for members and their wives Dinner was 
served in the Norse Room of the Fort Pitt Hotel at 7:00 p.n 

The only business transacted was the annual election of of 
ficers and immediately following dinner, Pres. J. F. Collins, |) 
called the meeting to order for this purpose. Secy. T. F. Roc 
well announced the following candidates for office 
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President—-R. A. Miller 
Vice-President—-F, C. McIntosh 
Secretary r. F. Rockwell 
Treasurer—L.. S. Maehling 
Board of Gor 


E. H. Riesmeyer, Jr 


ernors—J]. F. Collins, Jr., Chairman; E. C. Smyers and 
It was moved, seconded and passed that Secretary Rockwell cast 
a unanimous ballot for the officers nominated. 

The retirement of Mr. Collins and the induction of President 
Miller were handled with due ceremony by a committee con- 
sisting of H. A. Canon, G. G. Waters, J. E. McLean and R. J. 
J. Tennant. 

The remainder of the evening was enjoyably spent playing 
cards and dancing. 

Vovember 14, 1938. Pres. J. F. 
ing of Pittsburgh Chapter to order at 7:50 p. m. in the private 
Forty-eight members and 


Collins, Jr., called the meet- 


dining room of Stouffer’s restaurant. 
guests were present. The minutes were read and approved as 
corrected and Prof. C. M. Humphreys acted in the place of Secy. 
T. FF. Rockwell, who was absent. 

Because of the plans of the Social Committee for a dinner 
dance in December, annual reports were presented at this meet- 
Collins, Jr., Treas. L. S. Maehling, for the 
McIntosh, Degree Day Committee 


ing by Pres. J. F. 
Research Committee by F. C. 
by I. C. Houghten, and Air Conditioning Code by F. B. Mahon. 

Regular monthly reports were given by R. J. J. Tennant for 
the Social Committee and R. A. Miller for the Annual Meet- 
ing Committee, 

The Nominating Committee submitted the names of the fol 
lowing candidates for election in December 

For President--R, A, Miller 

r Vice-president—-F. C. McIntosh 

For Secretar r. F. Rockwell 

For Treasurer—L. S. Maehling 

F. C. Houghten, director of the ASHVE Research Labora 
tory, was introduced by President Collins as the principal speaker 
on the subject of Air Conditioning in Industry. The earlier work 
of the Laboratory was quickly reviewed, and then Mr. Houghten 
described the current program of cooperative investigation. Dur- 
ing these studies the reactions of employees in several air con 
ditioned buildings to different combinations of temperature and 
relative humidity during recent cooling seasons were carefully 
determined. A close check of similar reactions under carefully 
controlled conditions was also made at the Laboratory, As 
this work is not complete, definite conclusions could not be pre 
sented. 

The meeting adjourned at 9:55 p. m. 


Montreal Chapter Meets With 
Engineering Institute; Discusses 
Health and Air Conditioning and Sound 


December 12, 1938. Montreal Chapter held a meeting at the 
M.A.A.A, with an attendance of 42 members and guests. Aftet 
dinner the meeting was called to order at 7:45 p.m. by Pres. 
Fr. J. Friedman, who extended a welcome to the guests. 

The speaker of the evening was FE. L. Anderson, director of 
research, American Blower Corp., Detroit, Mich., who was in 
troduced by G. L. Wiggs. The subject of Mr. Anderson's ad- 
dress was Sound and Its Relation to Heating and Ventilating 
Apparatus. The lecture was illustrated with slides and after 
the address an open discussion was held. 

kk. T. Sampson moved a vote of thanks to the guest speaker 
on behalf of the Chapter. 

According to Secy. C. W. 
at 9:15 p. m. 

Vovember 21, 1938. <A dinner and meeting of Montreal 
Chapter was held at the Windsor Hotel with an attendance of 
32. Pres. F. J. Friedman called the assembly to order and 
extended a welcome to the guests who were present. 

G. Pedley, assistant pro- 


Johnson the meeting was adjourned 


The speaker of the evening, Dr. F. 
fessor of public health, McGill University, was introduced by 


Section 


President Friedman. Dr. Pedley discussed the subject of Health 
and Air Conditioning and stressed the fact that according to 
present day knowledge there is no conclusive evidence that ait 
conditioning as known today is conducive to health, with the 
exception that it has been found to be definitely desirable for 
hay fever sufferers and also has high value in operating rooms 
and in hospital rooms for premature infants. Dr. Pedley stated 
that from the standpoint of bodily comfort and efficiency of 
factory workers air conditioning is definitely necessary and 
holds great promise, and that its value for improving efficiency 
and health should be carefully investigated by the engineering 
and medical professions. 

After the address an open discussion was held and W. U 
Hughes moved a vote of thanks to the speaker on behalf of 
the Chapter. 

Minutes of the previous meeting were read and approved 
and Treas. F. G. Phipps urged payment of Chapter dues 
The meeting was adjourned at 9:30 p. m., according to the 
report of Secy. C. W. 

October 13, 1938. 
son of Montreal Chapter was held jointly with the Engineerin: 
Institute of Canada with a dinner meeting at the Windsor Hotel 


Johnson. 


The opening meeting of the 1938-39 sea 


and the general technical session at the [Engineering Institut 
The speakers of the evening were J. H. Walker, Detroit Edi 
son Co., Detroit, who discussed Air Conditioning in a Glass 
Brick Building, and J. F. MelIntire, Detroit, Ist vice-presick 
of the ASHVE, who spoke on The Architect and the Engineer 
At the opening of the joint meeting, a welcome to the Mont 
real Chapter of the ASHVE was extended on behalf of the 


Engineering Institute by J. Challies, president, and a _ responsé 
was made by E. Holt Gurney, Toronto, president of th 


ASHVE. 
W. L. 


search, gave a brief resumé of ASHVE research activities 


Fleisher, chairman of the Society’s Committee on R« 


A vote of thanks to the speakers was proposed by Mr. Coomlx 
of Engineering Institute. 
The joint chairmen of the evening were B. R. Perry, repr 


VW wes, 


senting the Institute, and G, | representing — the 


ASHVE. 
The meeting was adjourned at 10:00 p. m 
report of secy Sin W. 


according to 


Johnson 


Fire Prevention and Health Aspects 
of Air Conditioning Discussed by Michigan 

December 12, 1938. The meeting of Michigan Chapter was 
held at Huyler’s L’Aiglon with 50 members and guests attendi 
the dinner and approximately 70 at the meeting 

Due to the illness of Pres. F. J. Linsenmeyer, Vice-Pres 
W. C. Randall presided and called the meeting to order at 7:30 
p.m. Roll call reports of the secretary and chairman of th 
Membership Committee were in order. 

The first speaker of the evening was R. L. Loughead, chiet 
Michigan He described the 


features an air conditioning system should have 


inspector, Inspection Bureau 
necessary 
order to be free from fire hazard. He also pointed out that 
recent fires which have occurred in ventilating systems could 
have been prevented if these provisions had been included 

Otto Lindemeyer, fire marshal, City of Detroit, discussed thi 
provisions mentioned in Mr. Loughead’s paper that were ré 
lated to fire prevention. 

The second speaker of the evening was G. F. Emery, chi 
inspector, Bureau of Building and Safety Engineering, City 
Detroit, who discussed the Proposed Air Conditioning Cod 
for the City of Detroit. Mr. Emery pointed out that an ait 
conditioning code should include the following items: desig: 
construction, installation, and maintenance. 

Discussion of the subject was given by FE. L. Hogan, S. S 
Sanford and Mr. Strand. 

The meeting was adjourned at 10:30 p.m. according to the 


report of Secy. G. H, Tuttle. 


Heatinc, Piptnc anp Arr Conprriontnc, January, 1939 








November 7, 1938. Approximately 100 members and guests 
were present at the regular meeting of Michigan Chapter held 
at Huyler’s L’Aiglon, Detroit. 

Pres. F. J. Linsenmeyer called the meeting to order and asked 
for roll call and the reports of the secretary, treasurer, and 
program chairman. 

Secy. G. H. Tuttle read an amendment to Article VI of the 
Chapter’s By-Laws relative to the Chapter’s representative and 
alternate on the Society’s Nominating Committee. It was moved, 


seconded and passed unanimously that the amendment b 
adopted. 

A. V. Hutchinson, secretary of the ASHVE, was present 
and spoke briefly on the Annual Meeting of the Society to b 
held in Pittsburgh, January 23-26. 

Prot. C. P. Yaglou, Harvard School of Public Health, Bos 
ton, Mass., was the guest speaker and his subject was Health 
Aspects of Air Conditioning 


interesting fact that recent tests have proved that relative hu 


Professor Yaglou pointed out the 


midity has little effect upon human health and comfort for win 
ter air conditioning as long as it is above 20 per cent 

Henry F 
Vaughan, commissioner, Department of Health, City of Detroit, 


Mr. Witherage of the 


Lee Simpson of the Hayne County Medical Society 


Active discussion of the subject was given by Dr 


Herman Kiefer Hospital, and Dr. H 
The meeting was adjourned by President Linsenmeyer at 
10:30 p. m. with everyone present giving a rising vote of thanks 


to Professor Yaglou 


Southern California Has Large Meeting 


November 9, 1938. The Southern California Chapter held its 


second meeting at the Colonial Banquet Room in Los Angeles, 
with 156 members and guests in attendance 

Aiter the regular 
Pres. H. M. Hendrickson introduced F, J. Kurth, of Anemostat 


business of the meeting was concluded, 


Corp. of America, who delivered a talk on Air Distribution 
Mr. Kurth’s talk contained information which was useful and 
educational to the members and guests \ visual demonstration 


of air flows and currents in a room added to its interest 


Canadian Engineer Discusses 
Hot Water Heating 


Vovember 10, 1938. The November meeting of the Philadel 
phia Chapter was held at the Engineers Club, and was pre 
ceded by a dinner attended by 77 members and guests. 

The treasurer's report and the minutes of the previous meeting 
were read and approved 

Edwin Elliot reported on the activities of the membership 
committee and R. F. Hunger announced the program for th 
December meeting 


Pres. H. H 


evening, G. L. 


Erickson then introduced the speaker of the 
Wiggs, consulting engineer, Montreal, Can. who 
presented a very interesting talk on Modern Hot Water Heating 
Practice Mr. Wiggs’ address was followed by a lively and 
constructive discussion 


The meeting adjourned at 10:00 p. m 


Air Conditioning in Industry 
Subject of Toronto Meeting 


December 5, 1938. 


The regular meeting of the Ontario Chay 
ter was held in the Royal York Hotel, Toronto, where dinnet 
was served at 6:30 p. m. and 58 members and euests were 
present. 
Pres. H 


the recent death of one of the Chapter’s past presidents and 


B. Jenney called upon E. R. Gauley, who spoke of 


one of its most popular and active members, W. P. Boddington 
The minutes of the preceding meeting were read by Secy 
H. R. Roth and accepted as read. 
President Jenney asked for nominations for Ontario Chapter’s 
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representative and alternate on the Societ Jominat ( 


miittec \. G. Ritchie nominated H. R. Roth a 
nd 4 lasket ilternat | mot 
Thomas McDonald and 


H. H 


tor the Code ( mittec Mr. Angus announced that t : 
vised code I | vate i stcan { I 
been submitted to the Board of G 
the proper way of handling this code in the future 
stated that the warm air heating code would 
come up tor discussio1 
The Society’s A il Meet ttsbur la 
Was br ix t 1 t ( itt t cl re ] | 


talk \ir ( t | t 

followed Mr. Stace vdadre = 
th ASHVI, ¢ essed a vot 

Chapter to Mr. S I tall 


Insulation Topic at Massachusetts Meeting 


‘ setts Chapt i t ‘ 1 

lec! i! ‘ ‘ ‘ I | 

rhe meet uJ ‘ ‘ 

he peake ot eve ? ( | 

M. 1.7 \ s é Sor ’ 

ihis p .< ca rv tn ’ 
cussion aiter the ta b 

effect \ Ss posit , r 

I vapor i eT ‘ ‘ 
Some Hints from the **Trouble Shooters” 
Notebook Entertain Chicago Members 

\ yr 14 8 The N mix t 

ter was held at t Mi ints and Manutactur ( ( 
cago Attendance at dinner was 104 member ‘ 
120 attendi the meet whic vas ‘ 


pointed t¢ lers ft t the | illots 1 erect i I 
: _ \f S 
I the cam on t I if (aover! i if 
son al unce 1 ‘ It t tire ba <1 W Va i I ! 
7 , 
W. A. Kuechenber was thers e de é 
amd te temendion sommed offic: 


December 17 
President Vernon introduced \\ il. oe 


Program Committee, Chicago Chapter of AIA 
the Air Conditioning Symposium and called on R Hatt 
read a detailed announcement f tl ‘ t 

Dean Rogers Lewis Institute and M t 
the ( ig sect ol IS Mi were nt I ‘ t the ( 
Albert Buenget Davtor \) ( iirma tr \SHVE G 
Publicati Committee, was present and ve a i re rn 
the committee’s work ( pilin Tue G E 1939 

\fter the reading of minutes of the October meeti Te 
pensed with, Secy. M. W. Bishop re al an al incement i 
\ir Condit 1 Sen it the | versit i M ta 

a Brooke, chair it Members ip Con tte t 
duced the following new members \. J. Keating, ¢ \. Gustat 
Sol 1 1 | \f Bradk 

VY. L. Sherman, chairman of the Meetings and Publicati 
Committee, announced the speakers for the November meetis 
ind reported on the w rk of his committee 

President Vernon called on John Howatt t trod { 
speaker, S. R. Lewis, consulting engineer, whose ibject 














Journal 


A Heating and Cooling Man Discusses His Troubles. Mr. Lewis 
drew on his wide experience in the design of successful heating 
and cooling installations, as he explained, not to extol their 
virtues but to tell about the things he would do differently were 
he to repeat the performance. 

The lack of adequate zoning to compensate for variations in 
occupancy and heat reception from manufacturing processes, and 
failure to provide not only ample access doors, but also sufficient 
clearances to make the doors easily usable for maintenance, will 
often prove sources of complaint in an otherwise satisfactory 
installation. 

The use of well water for pre-cooling and condensing purposes 
will result in large savings in both first and operating costs, but 
thought should be given to the possible presence of corrosive 
impurities such as hydrogen sulphide in such water supply, which 
may cause leaks in condenser tubes resulting in loss of the 
refrigerant and flooding of the system. If such impurities are 
present, the answer would seem to be to limit the use of this 
water to pre-coolers and to use evaporative condensers with city 
water make-up to accomplish condensing. The tonnage saving 
accomplished by the pre-cooler would more than offset the occa 
sional replacing of pre-cooler coils, especially since no such 
damage would be caused by leaks at this point as would be 
caused by leaks in the condenser itself. 

Mr. Lewis pointed out that in original design it is not enough 
to work toward the intended or existing conditions. Account 
must be taken of changes in use or occupancy of conditioned 
areas, as in the case of a department store in which the basement 
and first floor were supplied from a common central fan system. 
The heat gains indicated that air supplied at the same tempera- 
ture would maintain both spaces at the proper conditions, and 
this was actually the case during the first summer of operation 
However, before the second summer, the owner, finding the base- 
ment was comfortable and attractive, proceeded to double the 
illumination and to attract many more people. As a result, when 
the basement was then maintained at a comfortable temperature, 
the first floor was entirely too cool. The solution in this case 
was to install an entirely separate supply system for the base 
ment, which could have been done at the start as easily as not. 

Mr. Lewis brought out many other points including the neces- 
sity of adequate exhaust to keep down odors; fresh air intakes of 
sufficient size to permit the use of all outdoor air in order to 
take advantage of the many days when outdoor conditions are 
nearly perfect; use of reheater coils for small private offices 
supplied from central systems; conversion of antiquated or im- 
properly maintained vapor heating systems to forced hot water ; 
construction of tighter or leak-proof fresh air dampers; and 
elimination of short abrupt duct connections on both inlet and 
discharge sides of fans. 

After Mr. Lewis’ talk, a lively discussion followed in which 
J. J. Aeberly, R. E. Hattis, W. A. Kuechenberg and others 
took part. 

October 10, 1938. Illinois Chapter opened the 1938-39 season 
with a meeting at the Merchants and Manufacturers Club, 
Chicago. Eighty-one members and guests were present at dinner 
and several others came later to attend the meeting. 

Pres. J. R. Vernon called the meeting to order and, after 
giving a brief welcome, proceeded to the business of the meeting. 

Announcement was made of the Air Conditioning Symposium 
on November 22 and of the Society’s Annual Meeting, January 
23-26. 

A motion was made and carried endorsing the action of the 
committee in selecting the Merchants and Manufacturers Club as 
the Chapter’s meeting place. 

I. E. Brooke, chairman of the Membership Committee, an- 
nounced the names of three new members, Prof. M. K. Fahne- 
stock, R. T. Miller and W. W. Voss. 

A brief report of the activities of the Meetings and Publica- 
tions Committee was made by V. L. Sherman. 

Secy. M. W. Bishop read the resignation of J. H. Van Alsburg 
as a member of the Board of Governors, due to the fact that his 
business activities prevent him from being in the city except for 


brief periods. The resignation was accepted with regret and a 
motion was made and carried that the secretary write to Mr: 
Van Alsburg, expressing the Chapter’s regrets. 

In accordance with the Constitution, President Vernon called 
for nominations from the floor to fill the vacancy on the Board 
of Governors. E. P. Heckel rominated W. A. Kuechenbere, 
which was seconded by H. G. Chapin and J. J. Aeberly. Sine« 
there were no other nominations, Mr. Kuechenberg was named 
to appear on the ballot to be sent to members and counted at 
the next meeting. 

John Howatt read the report of the Legislative Committee on 
the proposed Illinois Engineering Council. After some discussion 
it was moved and carried that the secretary write to the head 
quarters office for permission for the Chapter delegates to sit in 
as observers at the Illinois Engineering Council meeting, pend 
ing action of the National Council on Illinois Chapter membe: 
ship in this body. 

Mr. Howatt presented a life membership certificate to J. J 
Finan, who responded with a brief talk on what the Society has 
meant to him. 

President Vernon called on J. H. Milliken to introduce the 
speaker of the evening, J. R. Allen, chairman of the Research 
Committee on Industrial Hygiene for American Foundrymen’s 
Association. 

Mr. Allen’s address was on the subject of Ventilating Research 
in Industrial Hygiene and he prefaced his remarks by making a 
comparison of the objectives and engineering of heating and ven 
tilating engineers and industrial sanitation engineers. According 
to the speaker, ventilating engineers use a rectangular duct, 
whereas industrial sanitation engineers use round duct almost 
exclusively; the ventilating engineer is most interested in supply 
systems and uses low velocities, the industrial engineer uses 
almost 100 per cent exhaust systems with minimum velocities 
of 3000 fpm and frequently goes to 4500 to 6000 fpm. The ven 
tilating engineer is interested in air cleaning devices but usually 
deals in light concentration as in atmospheric dust, while indus 
trial men are concerned with heavy concentrations and frequently 
with corrosive and explosive particles; the heating and ventilat 
ing engineer frequently recirculates air, whereas the industrial 
exhaust system exhausts all the air to a point outside th 
building. 

Mr. Allen spoke of the background of the American Four dry 
men’s Association and of the reasons for the formation of their 
research and code committee, which has to date prepared and 
published three codes as follows: Code of Recommended Prax 
tices for Grinding, Polishing and Bufhing Equipment Sanitation ; 
Code of Recommended Practices for Testing and Measuring Ai: 
Flow in Exhaust Systems; and Recommended Good Practice 
Code and Handbook on Fundamentals of Design, Construction, 
Operation and Maintenance of Exhaust Systems. The speaker 
outlined these codes, pointing out many interesting facts and 
conclusions which the committee has incorporated in their codes 

At the conclusion of Mr. Allen’s address, a general discussion 
was held in which J. J. Aeberly, J. F. Tobin, S. lL. Rottmayet 


and R. E. Hattis took part, before adjournment at 10:20 p. m. 


Henry Smith Downe Dies 


Services were held at the American Cathedral in Paris fo 
Henry Smith Downe, where he died on December 8, 1938, after 
a long illness. 

Mr. Downe, a Life Member of the ASHVE, having joined 
the Society in 1895, was born at Mason, N. H., on June 1, 1561 
After his graduation from high school in Fitchburg, Mass., he 
entered the Worcester Polytechnical Institute, from which he 
received his B.S. and M.E. degrees. 

In his early life he was connected with the Simonds Rolling 
Machine Co. at Fitchburg, and other concerns engaged in th 
manufacture of cast-iron boilers. In 1888 he became vice-presi 
dent of the National Hot Water Heater Co., and later he was 
salesman for the American Boiler Co., which was merged in 
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Death of E. T. Keefe 


lished an office in London, and in addition to developing the 




















: . : ; The death of | | Keete, president of Undergrou Steal 
heating business in England he succeeded in introducing it in ‘ , ( r MI 1) ' 
. . . . . onstruction o roston, Mass., occurred ‘ ‘ 
the principal countries on the Continent. As the sale of heat , 
1 ] ~ 1 | 1 his home im Newtor Mass lle was a at so 
ing products increased, companies were formed an actories ' ; 
baal E l l F : ’ . ] hae * =e Mass., and attended the Boston Latin Scl 
n England, France, Germany, Belg ’ stri: - ¢ 
el : dy a , ame may, \ustria, Mr Keefe was well known to those engag i 
Switzerland and Spain. Mr. Downe then became the Europea and ventilating industry, as for the past 15 yeat al th 
> - - ’ - . saree >. oe » . 
Director for the American Radiator Co. president of his company, engineers and contractors, serv r 
He was one of the most prominent members of the American cipally power plants, district steam heating companies, stat 
colony in Paris, belonging to the important American clubs in stitutions and colleges on underground steam distribut 
both Paris and London. He was also a member of the A4SM/ Prior to that time he had carried on a similai F 
and was decorated by the French Republic as an officer of the contracting busimmess under his own name 
Legion of Honor. While in Paris he was active in establishing In 1931 Mr. Keefe was elected a Member of the Ay 
the American Hospital, and maintained great interest in its ce SocreTy or HEATING AND VED ‘ } , 0 
velopment until his death. He paid an annual visit to the United ficers and Council members sincerely regret 
States and was well known in business and social circles and loval member 
The Constitution of the Society, as now amended, requires the following mode of procedure in voting on appl 
bership in the Society. All applications for membership are to be sent to the Secretary and the names of applicants a 
ences shall be printed in the next issue of the JourNAL of the Society or sent to the members in other approved mat 
by the Council. When replies are received from references, the Candidate's application shall be submitted 
the Committee on Admission and Advancement as soon as possibl 
When the Committee on Admission and Advancement has acted favorably upon a Candidate's a ati 
grade, the Council shall vote upon the election of the proposed Candidate for membership by letter balk Durit { , 
35 applications tor membership have becn received and the names of these men and their sponsors are published 1! 
Members are requested to scrutinize the list with care. The Committee on Admission and Advancement, at 
Council, urge the members to assume their share of responsibility of receiving these candidates into membx ‘a t 
Secretary promptly of any whose eligibility for membership is in any way questioned 
All correspondence in regard to such matters is strictly confidential, and is solely for the good of Son 
duty of every member to promote. 
Unless objection is made by some member by January 16, 1939, these candidates will be balloted up bh ( 
elected to membership will be notified by the Secretary immediately after election 
CANDIDATES REFERENCES 
j f ¢ 
ALLENSWorTH, J. E., Student, Carnegie Inst. of Tech., Pitts C. M. Humphreys P. A. Fdwards 
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Cio, H. E., Sales Engr., Air Filter & Equip. Corp., Chicago, III QO. J. Greenwood M. W. Bishop 
J. H. Milliken l. KE. Brooke 
FREEMAN, A. W., Sheet Metal Worker, Max Freeman, Jackson G. A. Belsky Kk. R. Snavely 
Heights, is # N.  ¥ | W Kunzog bh \ lacobi (AN 
Funck, E. H., Sales Megr., Johnson Fan & Blower Corp. Chi- J. R. Vernon M.S. Bamond 
cago, Ill. J. J. Aeberly i < Hines 
Gasie, H. R., Engr., Mayflower-Lewis Corp., Minneapolis, Minn R. L. King \. B. Algres 
F. B. Rowley 7 Jordan 
Gorr, J. A., Dean, Towne Scientific School, Univ. of Penna., ,. C. Willard F. R. Bichowsky 
Philadelphia, Penna. W. L. Fleishe: M. K. Fahnestock 
GREGERSON, Greorce, Lab. Engr., Industrial Training Corp., Chi E. V. Hill \. H. Zimmerman 
cago, Ill, I. 1. Aeberly W. D. Fleak 
Hussucu, N. J., Jr., Student, Univ. of Dayton, Dayton, Ohio R. A. Gonzalez \dam Hofmann (8.2.41 
I a Baker \ kK Weber (S.P.2.f 
lounson, C. E., Sales Engr., Fox Furnace Div., Amer. Rad }. EK. Maynard C. W. Nessell 
Co., Greensboro, N. C. L. B. Miller V. B. Kofoed 
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In past issues of the JouRNAL of the Society the names of 


were listed as Candidates tor 


following met Membership. The 


membership grade of each Candidate has been assigned by the Committee on Admission and Advancement and balloted upon by 
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